(19) 




EuropSisches Patentamt 
European Patent Office 
Office europgen des brevets 





(11) 



EP 0 818 621 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

1 4.01 .1 998 Bulletin 1 998/03 

(21) Application number: 97900765.5 

(22) Date of filing: 23.01 .1 997 



(51) Int. CI. 6 : F02M 25/08 

(86) International application number: 
PCT/JP97/00150 

(87) International publication number: 

WO 97/27392 (31 .07.1 997 Gazette 1997/33) 



(84) Designated Contracting States: 


(72) Inventor: 


DE FR GB 


OSANAI, Akinori 




Toyota Jidosha Kabushiki Kaisha 


(30) Priority: 23.01.1996 JP 9165/96 


Toyota-shi Aichi 471-71 (JP) 


(71) Applicant: 


(74) Representative: 


Toyota Jidosha Kabushiki Kaisha 


Tiedtke, Harro, Dipl.-lng. et al 


Toyota-shi, Aichi-ken 471 -71 (JP) 


PatentanwaltsbOro 




Tiedtke-Buhling-Kinne & Partner 




Bavariaring 4 




80336 Munchen (DE) 



CM 
CO 

00 
00 



(54) EVAPORATIVE FUEL TREATING APPARATUS FOR MULTIPLE CYLINDER ENGINE 



(57) It is an object of the invention to control the fluc- 
tuation in an air-fuel ratio in a multicylinder internal com- 
bustion engine when the driving period of a purge 
control valve is substantially synchronized with an 
engine cycle, thereby better purifying exhaust gas and 
preventing lean misfires. The evaporative control sys- 
tem for the engine comprises a canister 37 for storing 
evaporated fuel from a fuel tank 15, a purge passage 39 
for connecting the canister 37 to an intake passage of 
the engine 1, and a purge control valve 41 disposed in 
the purge passage 39, to control the quantity of gas to 
be purged from the canister 37 into the intake passage, 
a drive condition detecting means A for detecting driving 
conditions of the engine 1 , a delay time setting means B 
for setting a delay time to delay the valve opening start 
timing in the driving period in response to the engine 
driving conditions, and a purge control valve driving 
means C for driving the purge control valve 41 with a 
delay time set by the delay time setting means B, a 
delay time correcting means D for correcting a delay 
time in response to a duty factor or etc, and a delay con- 
trol interruption means E for interrupting the delay time 
setting to be performed when the purged gas substan- 
tially continuously flows. 
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Description 

Technical Field 

The present invention relates to an evaporative 
control system for a multicylinder internal combustion 
engine and. more particularly, to one that purges fuel 
vapor, to equally distribute the fuel vapor into cylinders, 
whereby a fluctuation of the air-fuel ratio of the engine is 
controlled and the exhaust gas is better purified. 

Background Art 

An evaporative control system for a multicylinder 
internal combustion engine, in general, has a purge 
passage that connects a canister for temporarily storing 
evaporated fuel from a fuel tank and an intake air pas- 
sage of an internal combustion engine (hereinafter sim- 
ply referred to as an engine) and a purge control valve 
disposed in the intake air passage. The purge control 
valve is activated depending on the engine operating 
condition, and is opened and closed at a given fre- 
quency in response to a pulse signal having a given 
duty factor. If a period of the pulse signal is substantially 
synchronized with an engine cycle, fuel purged from the 
canister will be drawn into a specific cylinder of the 
engine to make an air-fuel ratio in the cylinder rich and 
an air-fuel ratio in any other cylinder that draws no 
purged fuel lean, thereby fluctuating an air-fuel ratio in 
the engine as a whole and causing misfires in the lean 
cylinders. To solve this problem, a technique to change 
the driving frequency of the purge control valve to 
another driving frequency when the driving frequency is 
substantially synchronized with an engine cycle is dis- 
closed (Refer to Japanese Patent Publication No. 6- 
241129). 

However, the technique disclosed in Japanese Pat- 
ent Publication No. 6-241129 suddenly changes the 
driving frequency of the purge control valve at a bound- 
ary where it is substantially synchronized with an 
engine cycle. This results in fluctuating an air-fuel ratio 
in the engine, and the exhaust emission is deteriorated. 
To converge the fluctuating air-fuel ratio to a target air- 
fuel ratio, the disclosure corrects a fuel injection quan- 
tity. It takes time, however, until the fluctuation is stabi- 
lized at the target air-fuel ratio. 

Disclosure of Invention 

Therefore, it is an object of the present invention to 
solve the above problems and provide an evaporative 
control system for a multicylinder internal combustion 
engine, capable of keeping an air-fuel ratio stabilized 
even if the driving period of a purge control valve is sub- 
stantially synchronized with an engine cycle, thereby 
maintaining exhaust purifying performance and prevent- 
ing lean misfires. 

Fig. 1 is a drawing showing a basic constitution of 



the present invention. The evaporative control system 
for a multicylinder internal combustion engine according 
to the present invention which solves the above prob- 
lems, comprises a canister 37 for temporarily storing 

5 evaporated fuel from a fuel tank 15. a purge passage 39 
for connecting the canister 37 to an intake passage of 
the engine 1. and a purge control valve 41 disposed in 
the purge passage 39, to control the quantity of gas to 
be purged from the canister 37 into the intake passage 

w by opening and closing the valve at a given frequency. 
The evaporative control system is characterized in that 
it comprises a drive condition detecting means A for 
detecting driving conditions (for example, the revolution 
speed) of the engine 1 , a delay time setting means B for 

75 setting a delay time to delay the valve opening start tim- 
ing in the driving period from the start of the driving 
period in response to the engine driving conditions 
detected by the drive condition detecting means A, and 
a purge control valve driving means C for driving the 

20 purge control valve 41 with a delay time set by the delay 
time setting means B. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the drive condition detecting means A com- 

25 prises an equal distribution judging means that detects 
on-off periods of the intake valve of the engine 1 and 
judges whether or not the purged gas is equally distrib- 
uted into cylinders of the engine 1 on the basis of the 
detected on-off period of the intake valve and the driving 

30 period of the purge control valve 41 , and the delay time 
setting means B sets a delay time so as to equally dis- 
tribute the purged gas into cylinders when the equal dis- 
tribution judging means judges that the purged gas is 
unequally distributed into cylinders. 

35 In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the drive condition detecting means A com- 
prises a revolution speed detecting means for detecting 
a revolution speed of the engine 1, and the delay time 

40 setting means B sets a delay time in response to the 
revolution speed detected by the revolution speed 
detecting means. 

The evaporative control system for a multicylinder 
internal combustion engine according to the present 

45 invention operates in such a way that the drive condition 
detecting means A detects the engine operating condi- 
tions, for example, the means A detects an engine 
speed region where the engine speed is substantially 
synchronized with the purge control valve driving 

so period, the delay time setting means B sets a delay time 
to delay the valve opening timing of the purge control 
valve from the start of the driving period in such a man- 
ner that the purge gas may not be drawn into a specific 
cylinder for each driving period under the engine oper- 

55 ating condition detected by the drive condition detecting 
means A, and the purge control valve driving means C 
drives the purge control valve in accordance with the 
delay time set by the delay time setting means B. Thus, 
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the purged gas is equally distributed into cylinders and 
a fluctuation in the air-fuel ratio is stabilized. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the system further comprises a delay time s 
correcting means D for correcting a delay time set by 
the delay time setting means B, and the delay time cor- 
recting means D corrects the delay time in response to, 
for example, a duty factor that determines a valve open- 
ing interval in the driving period of the purge control w 
valve 41 . 

The delay time correcting means D corrects the 
delay time in accordance with duty factors, namely, the 
means D does not correct the delay time when the duty 
factor is small when the purged gas flows intermittently 15 
(i.e., when the amount of the purged gas is small), 
thereby avoiding unnecessary control. On the other 
hand, the means D corrects the delay time to ensure the 
valve opening time to compensate for the amount of the 
purged gas when the duty factor is large (i.e., when 20 
there is a less intermittent flow). 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the system further comprises a delay time 
correcting means D for correcting a delay time set by 25 
the delay time setting means B, and the delay time cor- 
recting means D corrects the delay time in response to, 
for example, a valve opening end timing in the driving 
period of the purge control valve 41 . 

The delay time correcting means D corrects the 30 
delay time in accordance with a valve opening end tim- 
ing in the driving period of the purge control valve 41 , for 
example, the means D corrects the delay time so that 
the purge control valve may surely complete the closing 
within a driving period. Thus, the purge control valve 35 
can surely be opened and closed in the driving period, 
and the required amount of the purged gas can be prop- 
erly supplied into the intake passage. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present <o 
invention, the system further comprises a delay time 
correcting means D for correcting a delay time set by 
the delay time setting means B, and the delay time cor- 
recting means D comprises a traveling speed detecting 
means for detecting a traveling speed of the purged gas 45 
in the intake passage of the engine 1 , and corrects the 
delay time in response to the detected traveling speed. 

The delay time is corrected in response to the 
traveling speed of the purged gas in the intake passage 
so that the purge is controlled by taking into considera- so 
tion the traveling speed of the purged gas in the intake 
passage at the engine transient time. Namely, the delay 
time is set longer at the acceleration time as the purge 
gas flow rate in the intake passage becomes high, and 
is set shorter at the deceleration time as the purge gas 55 
flow rate in the intake passage becomes low. In this way, 
the traveling speed of the purged gas in the intake pas- 
sage is taken into consideration, and the purged gas 



can be equally distributed into cylinders. 

In the evaporative control system fa a multicylinder 
internal combustion engine according to the present 
invention, the system further comprises a delay time 
correcting means D for correcting a delay time set by 
the delay time setting means B, and the delay time cor- 
recting means D comprises a period changing means, 
for example, being provided with a plurality of driving 
periods of the purge control valve 41 and changes driv- 
ing periods in a given order by sequentially selecting 
from the plurality of driving Periods, and corrects the 
delay time in response to the driving period changed by 
the period changing means. 

The period changing means changes driving peri- 
ods in a given order by sequentially selecting from the 
plurality of driving periods, the delay time correcting 
means D corrects the delay time in accordance with the 
each driving period, thus the change in flow rate of the 
purged gas is controlled, the continuous purge gas flow 
into a specific cylinder can be avoided, the purge gas is 
equally distributed into cylinders, and the fluctuation in 
the air-fuel ratio is stabilized. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the system further comprises a delay time 
correcting means D for correcting a delay time set by 
the delay time setting means B, and the delay time cor- 
recting means D, for example, corrects the delay time on 
the basis of the central timing between the start and the 
end timings of the valve opening interval in the driving 
period of the purge control valve 41 . 

The delay time setting means B sets the delay time 
on the basis of the central timing between the start and 
the end timings of the valve opening interval in the driv- 
ing period of the purge control valve 41 , thus the purge 
gas purged just after the opening of the purge control 
valve 41 can be drawn into a cylinder which usually is to 
close an intake valve of the cylinder just before the 
purged gas reaches to the cylinder, particularly during 
the transient time, such as acceleration time and decel- 
eration time when the duty factor suddenly changes. As 
a result, the equal distribution of the purge gas into cyl- 
inders is promoted, and the fluctuation in the air-fuel 
ratio is stabilized. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the drive condition detecting means A com- 
prises a cylinder detecting means for detecting a cylin- 
der in the intake stroke when the purge control valve 41 
is opened in the current driving period, and the delay 
time setting means B sets the delay time in such a way 
that a cylinder to be in the intake stroke when the purge 
control valve 41 is opened in the next driving period will 
be different from the cylinder detected by the cylinder 
detecting means. 

The delay time setting means B sets the delay time 
in such a way that a cylinder to be in the intake stroke 
when the purge control valve 41 is opened in the next 
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driving period will be different from the cylinder detected 
by the cylinder detecting means, thus the purge gas is 
equally distributed into cylinders, and the fluctuation in 
the air-fuel ratio is stabilized. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the system further comprises a delay time 
correcting means D for correcting a delay time set by 
the delay time setting means B, and the delay time cor- 
recting means D comprises a load estimating means for 
estimating a load of the engine in the next driving period 
during the current driving period of the purge control 
valve, and corrects the delay time on the basis of the 
load in the next driving period estimated by the load 
estimating means. 

The delay time setting means B sets the delay time 
on the basis of the load or increase or decrease of the 
load in the next driving period estimated by the load 
estimating means, thus the delay time is properly set in 
accordance with the engine load (or the change in the 
load) particularly at the transient time such an accelera- 
tion time and an deceleration time when the duty factor 
suddenly changes, thus the purge control considering a 
response to the purged gas (the traveling time of the 
purged gas in the intake passage) can be carried out. 
As a result, the equal distribution of the purged gas into 
cylinders is ensured, and the fluctuation in the air-fuel 
ratio is stabilized. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the system further comprises a delay time 
correcting means D for correcting a delay time set by 
the delay time setting means B, and the delay time cor- 
recting means D comprises an engine revolution speed 
estimating means for estimating a revolution speed of 
the engine in the next driving period during the current 
driving period of the purge control valve 41, and cor- 
rects the delay time on the basis of the revolution speed 
in the next driving period estimated by the engine revo- 
lution speed estimating means. 

The delay time setting means B sets the delay time 
on the basis of the revolution speed (change in the rev- 
olution speed) or the estimated increase and decrease 
of the revolution speed in the next driving period esti- 
mated by the engine revolution speed estimating 
means, thus the delay time is properly set in accord- 
ance with the engine revolution speed (or the change in 
the engine revolution speed) particularly at the transient 
time, thus the purge control considering a response to 
the purged gas (the traveling time of the purged gas in 
the intake passage) can be carried out. As a result, the 
equal distribution of the purged gas into cylinders is 
ensured, and the fluctuation in the air-fuel ratio is stabi- 
lized. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the drive condition detecting means A com- 
prises a crank angle detecting means for detecting a 



crank angle at each valve opening start timing in each 
driving period of the purge control valve 41, and the 
delay time setting means B sets the delay time in such 
a way that a valve opening start timing in the next driv- 

5 ing period will be at a second crank angle which is dif- 
ferent from a first crank angle in the current driving 
period detected by the crank angle detecting means. 
The second crank angle is preferably in an opposite rev- 
olutional phase to the first crank angle, that is, 360° CA 

w shifted from the first crank angle. The second crank 
angle can be in 120° CA or 180° CA or the like shifted 
from the first crank angle depending on the require- 
ments. 

In the evaporative control system for a multicylinder 

15 internal combustion engine according to the present 
invention, the drive condition detecting means A com- 
prises a valve timing angle detecting means for detect- 
ing a valve timing angle of the intake valve at each valve 
opening start timing in each driving period of the purge 

20 control valve 41, and the delay time setting means B 
sets the delay time in such a way that a valve opening 
start timing in the next driving period will be at a second 
valve timing angle which is different from a first valve 
timing angle detected by the valve timing angle detect- 

25 ing means. The second valve timing angle is preferably 
in an opposite phase to the first valve timing angle, that 
is, 360° wt shifted from the first valve timing angle, 
wherein a unit of valve timing angle, namely, wt, corre- 
sponds to a unit of valve timing angle, namely, ° CA. The 

30 second valve timing angle can be 1 20° wt or 1 80° wt or 
the like shifted from the first valve timing angle depend- 
ing on the requirements. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 

35 invention, the drive condition detecting means A com- 
prises an intake air frequency calculation means for cal- 
culating an intake air frequency of the engine in the 
current driving period from the fuel injection frequency 
in the current driving period of the purge control valve 

40 41 , and for calculating the difference between the calcu- 
lated intake air frequency and a best intake air fre- 
quency, and the delay time setting means B sets the 
delay time in such a way that the next cylinder in an 
intake stroke that is to draw gas to be purged at the 

45 valve opening start timing in the next driving period will 
be different from a cylinder currently in an intake stroke, 
that has drawn the gas purged at the valve opening start 
timing in the current driving period on the basis of the 
calculated intake air frequency calculated by the intake 

so air frequency calculation means and the best intake air 
frequency. The best intake air frequency means a fre- 
quency of the intake air that allows the next intake air 
cylinder that is to draw gas to be purged during the valve 
opening interval in the next driving period to be in an 

55 opposite revolutional phase (360° CA shifted phase 
when calculated in terms of the crank angle) to that of 
the current intake air cylinder having drawn the gas 
purged during the valve opening interval in the current 
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driving period. The above opposite revolutional phase 
can be 120° CA or 180° CA or the like shifted from the 
crank angle of the current intake air cylinder depending 
on the requirements. 

In the evaporative control system for a multicylinder 5 
internal combustion engine according to the present 
invention, the drive condition detecting means A com- 
prises an intake air frequency calculation means for cal- 
culating an intake air frequency of the engine in the 
current driving period from the ignition frequency in the 10 
current driving period of the purge control valve 41 , and 
for calculating the difference between the calculated 
intake air frequency and a best intake air frequency, and 
the delay time setting means B sets the delay time in 
such a way that the next cylinder in an intake stroke that 15 
is to draw gas to be purged at the valve opening start 
timing in the next driving period will be different from a 
cylinder currently in an intake stroke, that has drawn the 
gas purged at the valve opening start timing in the cur- 
rent driving period on the basis of the calculated intake 20 
air frequency calculated by the intake air frequency cal- 
culation means and the best intake air frequency. 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the drive condition detecting means A com- 25 
prises an intake air frequency calculation means for cal- 
culating an intake air frequency of the engine in the 
current driving period from an air pressure pulse signal 
in the intake passage of the engine, and for calculating 
the difference between the calculated intake air fre- 30 
quency and a best intake air frequency, and the delay 
time setting means B sets the delay time in such a way 
that the next cylinder in an intake stroke that is to draw 
gas to be purged at the valve opening start timing in the 
next driving period will be different from a cylinder cur- 35 
rently in an intake stroke, that has drawn the gas purged 
at the valve opening start timing in the current driving 
period on the basis of the calculated intake air fre- 
quency calculated by the intake air frequency calcula- 
tion means and the best intake air frequency. 40 

In the evaporative control system for a multicylinder 
internal combustion engine according to the present 
invention, the system further comprises a delay control 
interruption means E for interrupting the delay time set- 
ting to be performed by the delay time setting means B 45 
under the conditions that fluctuation in an air-fuel ratio in 
the engine does not occur even though the purged gas 
is supplied into the engine. 

The delay control interruption means E interrupts 
the setting of the delay time by the delay time setting so 
means B under the conditions where the air-fuel ratio 
does not fluctuate due to the purged gas, for example, 
when the duty factor is more than 80% in which the 
purged gas flow is hardly interrupted, in other words, 
when the purged gas almost continually flows, thereby ss 
avoiding unnecessary processes by the CPU and the 
load on the CPU is decreased. 



Brief Description of Drawings 

Fig. 1 is a drawing showing a basic constitution of 
the present invention; 

Fig. 2 is a general constitutional view showing an 
evaporative control system for a multicylinder inter- 
nal combustion engine according to an embodi- 
ment of the present invention; 
Fig. 3 is a flowchart explaining a basic control proc- 
ess for an internal combustion engine according to 
an embodiment of the present invention; 
Fig. 4 is a flowchart showing an air-fuel ratio feed- 
back control routine according to an embodiment of 
the present invention; 

Fig. 5 is a flowchart showing an air-fuel ratio learn- 
ing control routine according to an embodiment of 
the present invention; 

Fig. 6 is a flowchart showing a vapor concentration 
learning control routine according to an embodi- 
ment of the present invention; 
Fig. 7 is a flowchart showing a fuel injection time 
calculation routine according to an embodiment of 
the present invention; 

Figs. 8A and 8B are a flowchart showing a purge 
ratio calculation routine according to an embodi- 
ment of the present invention; 
Fig. 9 is a flowchart showing a driving period 
changing routine according to an embodiment of 
the present invention; 

Fig. 10 is a flowchart showing a D-VSV valve con- 
trolling routine according to an embodiment of the 
present invention; 

Fig. 11 is a characteristic diagram showing a rela- 
tionship between an intake duct pressure and a 
purged fuel quantity with a purge control valve 
being fully opened; 

Fig. 12 is a characteristic diagram showing a rela- 
tionship between a purge time and a maximum tar- 
get purge ratio; 

Fig. 13 is an explanatory view showing a driving 
timing of a D-VSV, the upper part (a) shows the 
driving timing of the D-VSV according to an embod- 
iment of the present invention, the middle part (b) 
shows the cylinder number in an intake stroke, and 
the lower part (c) shows the driving timing of the D- 
VSV according to the prior art; 
Fig. 14 compares fluctuations in an air-fuel ratio 
caused by purged fuel between the present inven- 
tion and the prior art; 

Fig. 15 is a flowchart showing a detailed process of 
step 630 shown in Fig. 9 according to a first embod- 
iment of the present invention; 
Fig. 16 is a flowchart showing a detailed process of 
step 630 shown in Fig. 9 according to a second 
embodiment of the present invention; 
Fig. 17 is a flowchart showing a delay time setting 
process in outline according to a third embodiment 
of the present invention; 
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Fig. 18 is a flowchart showing a detailed process of 
step 651 shown in Fig. 17; 

Fig. 19 is a flowchart showing a detailed process of 
step 656 shown in Fig. 17; 

Fig. 20 is a drawing showing the relationship 5 
between a duty ratio and a flow quantity for two duty 
periods; 

Fig. 21 is a flowchart showing a detailed process of 
step 630 shown in Fig. 9 according to a fourth 
embodiment of the present invention; 10 
Fig. 22 is an explanatory drawing showing a delay 
process based on central timing of a duty period, 
(a) is a drawing showing that the valve opening tim- 
ing is delayed every two periods, (b) is an explana- 
tory drawing of steps 634 to 636 shown in Fig. 21 ; is 
Fig. 23 is a flowchart showing a detailed delay time 
setting process according to a fifth embodiment of 
the present invention; 

Fig. 24 is a flowchart showing a detailed delay time 
setting process according to a sixth embodiment of 20 
the present invention; 

Fig. 25 is a flowchart showing a detailed process of 
step 710 shown in Fig. 24; 
Fig. 26 is a flowchart showing a detailed delay time 
setting process according to a seventh embodiment 25 
of the present invention; 

Fig. 27 is a flowchart showing a detailed delay time 
setting process according to an eighth embodiment 
of the present invention; 

Fig. 28 is a flowchart showing a detailed delay time 30 
setting process according to a ninth embodiment of 
the present invention; 

Fig. 29 is an explanatory drawing showing the delay 
time setting process according to a ninth embodi- 
ment of the present invention; 35 
Fig. 30 is a drawing showing air-fuel ratio fluctuation 
when a first duty period according to the delay proc- 
ess of the present invention is used; 
Fig. 31 is a drawing showing air-fuel ratio fluctuation 
when a second duty period according to the delay 40 
process of the present invention is used; 
Fig. 32 is a flowchart showing a detailed delay time 
setting routine of a driving condition detecting proc- 
ess according to a tenth embodiment of the present 
invention; 45 
Fig. 33 is a drawing showing a process of step 803 
of a flowchart shown in Fig. 32; 
Fig. 34 is a supplemental drawing for explaining the 
tenth embodiment of the present invention; 
Fig. 35 is a flowchart showing a detailed delay time so 
setting routine of a driving condition detecting proc- 
ess according to an eleventh embodiment of the 
present invention; 

Fig. 36 is a drawing showing a process of step 903 
of a flowchart shown in Fig. 35; 55 
Fig. 37 is a flowchart showing a detailed delay time 
setting routine of a driving condition detecting proc- 
ess according to a twelfth embodiment of the 



present invention; 

Fig. 38 is a flowchart showing a process for calcu- 
lating fuel injection interval time in a flowchart 
shown in Fig. 37; 

Fig. 39 is an explanatory drawing showing the rela- 
tionship between a fuel injection timing and on 
delay time; 

Fig. 40 is a flowchart showing a detailed delay time 
setting routine of a driving condition detecting proc- 
ess according to an thirteenth embodiment of the 
present invention; 

Fig. 41 is a drawing showing an example of meas- 
uring ignition interval; 

Fig. 42 is a drawing showing a fourteenth embodi- 
ment that detects intake air pressure as a driving 
condition detecting means of the present invention; 
Fig. 43 is a flowchart showing a delay time correct- 
ing process according to a fifteenth embodiment of 
the present invention; and 
Fig. 44 is a drawing showing an example of meas- 
uring result of intake air pressure change. 

Best Mode for Carrying Out the Invention 

The preferred embodiments of the present inven- 
tion will be described below with reference to the 
accompanying drawings. 

Figure 2 is a drawing showing an evaporative con- 
trol system for a multicylinder, for example, a four cylin- 
der internal combustion engine according to an 
embodiment of the present invention. The engine 1 
receives air used for combustion from an air cleaner 2 
through a throttle body 5, a surge tank 1 1 , and an intake 
duct 13 for each cylinder. The throttle body 5 has a 
throttle valve 7 for adjusting the quantity of intake air, 
which is measured by an airflow meter 4. A throttle 
opening sensor 9 detects the opening of the throttle 
valve 7. An intake air temperature sensor 3 detects the 
temperature of intake air. A vacuum sensor 12 detects 
the pressure in the intake duct 13. 

A fuel tank 15 supplies fuel which is pumped by a 
fuel pump 17 and is passed through a fuel pipe 19 and 
is injected by a fuel injector 21 into the intake duct 13. A 
mixture of air and fuel in the intake duct 13 is drawn into 
a cylinder through a suction valve 23. In the cylinder, the 
mixture is compressed by a piston, is ignited by an 
igniter and a spark plug and is burnt to produce torque. 

An ignition distributor 43 has a reference position 
sensor 45 and a crank angle sensor 47. The sensor 45 
generates a pulse signal representing a reference posi- 
tion at every crank angle of 720 degrees. The sensor 47 
generates a pulse signal representing a position at 
every crank angle of 30 degrees. A cooling water path 
49 guides water for cooling the engine 1, and a water 
temperature sensor 51 detects the temperature of the 
cooling water. 

The exhaust gas after combustion is discharged 
into an exhaust manifold 27 through an exhaust valve 
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25 and then into an exhaust pipe 29. The exhaust pipe 
29 has an air-fuel ratio sensor 31 for detecting the oxy- 
gen concentration in the exhaust gas. A catalytic con- 
verter 33 is arranged in the exhaust pipe 29 
downstream from the sensor 31 . The catalytic converter 
33 accommodates a three-way catalyst for oxidizing 
unburned HC and CO and reducing nitrogen oxides 
contained in exhaust gas. The exhaust gas cleaned by 
the catalytic converter 33 is discharged into the atmos- 
phere. 

A canister 37 contains activated carbon 36 as 
adsorbent. On each side of the activated carbon 36, the 
canister 37 has an evaporated fuel chamber 38a and an 
atmospheric chamber 38b. The chamber 38a is con- 
nected to the fuel tank 15 through a vapor collecting 
pipe 35 and to the surge tank 1 1 downstream from the 
throttle valve 7 through a purge pipe 39. The purge pipe 
39 has a purge control valve 41 , referred to as a D-VSV, 
for controlling the quantity of purged fuel. The evapo- 
rated fuel in the fuel tank 15 is guided into the canister 
37 through the pipe 35 and is adsorbed by the activated 
carbon 36. When the purge control valve 41 is opened, 
a negative pressure in the intake duct 13 draws air from 
the atmospheric chamber 38b through the activated 
carbon 36 and purge pipe 39. When the air passes 
through the activated carbon 36, the fuel adsorbed in 
the activated carbon 36 is removed therefrom. As a 
result, the air containing the removed fuel is purged into 
the surge tank 1 1 through the purge pipe 39 and is com- 
busted in each cylinder together with fuel injected from 
the fuel injector 21. In addition to the fuel from the acti- 
vated carbon 36, evaporated fuel in the fuel tank 15 is 
directly guided to the purge pipe 39. 

The engine 1 has an electronic control unit (ECU) 
60. The control unit 60 is a microcomputer for carrying 
out fuel injection control, ignition timing control, etc., 
according to the operating conditions of the engine 1 
detected from an engine revolution speed and signals 
from sensors. For example, the control unit 60 deter- 
mines an optimum ignition timing and sends an ignition 
signal to the igniter. The control unit 60 has a ROM 62 
for storing a program. According to the program, a CPU 
61 receives signals from the sensors through an A/D 
converter 64 and an input interface 65, processes the 
signals, and provides control signals to actuators 
through an output interface 66. A RAM 63 temporarily 
stores data. These elements in the control unit 60 are 
connected to one another through a system bus 69 
including an address bus, a data bus, and a control bus. 
Control operations carried out by the control unit 60 will 
be explained. 

Figure 3 is a flowchart showing a basic control rou- 
tine according to the present invention for controlling the 
engine 1 of Fig. 2. The control unit 60 performs the 
basic routine in a loop. During the basic routine, inter- 
rupts are carried out regularly or irregularly in response 
to any input signal or an engine revolution speed. When 
turned on, the control unit 60 carries out initialization in 



step 102, receives signals from the sensors and 
switches in step 104, calculates an engine revolution 
speed in step 106, calculates an idling speed in step 
108, and carries out self-diagnosis in step 110. These 

5 steps are repeated regularly. Step 122 carries out an 
interrupt when a signal is received from the A/D con- 
verter 64, from some sensor, or from some switch. The 
calculated fuel injection timing and the ignition timing 
are supplied to corresponding actuators in synchroniza- 

10 tion with a signal from the crank angle sensor 47. Other 
processes are carried out at regular intervals as timer 
interrupt routines. 

The airflow meter 4 provides the quantity of intake 
air, and the crank angle sensor 47 provides an engine 

15 revolution speed. These data are used to calculate the 
quantity of injecting fuel, i.e., an injection time of the fuel 
injector 21, so that the fuel injector 21 injects the calcu- 
lated fuel at a given crank angle. The fuel injection time 
is corrected according to signals from the throttle open- 

20 ing sensor 9, water temperature sensor 51 , intake tem- 
perature sensor 3, etc. The fuel injection time is also 
subjected to an air-fuel ratio feedback correction based 
on a signal from the air-fuel ratio sensor 31, an air-fuel 
ratio learning correction for bringing a central value of 

25 the air-fuel ratio feedback correction to a theoretical air- 
fuel ratio, and a correction based on the quantity of fuel 
purged from the canister 37. The present invention 
relates to controlling the fuel purged from the canister 
37 and correcting the quantity of injecting fuel accord- 

30 ingly. A fuel injection calculation routine and a purge 
control routine according to the present invention will be 
explained. These routines are carried out as timer inter- 
rupts. 

Figures 4 to 7 are flowcharts showing the fuel injec- 
35 tion calculation routine according to the present inven- 
tion. The routine is carried out as a timer interrupt at 
regular intervals of, for example, 1 msec and is com- 
posed of air-fuel ratio feedback control of Fig. 4, air-fuel 
ratio learning control of Fig. 5, vapor concentration 
40 learning control of Fig. 6, and fuel injection time (TAU) 
calculation control of Fig. 7. The air-fuel ratio feedback 
control will be explained with reference to Fig. 4. 

Step 202 checks to see if all of the following air-fuel 
ratio feedback control conditions are met: 

45 

(1) engine has started 

(2) fuel being supplied 

(3) cooling water temperature * 40°C 

(4) air-fuel ratio sensor is active 

50 

If all conditions are met, step 208 checks to see if 
the air-fuel ratio is rich, i.e., if the output voltage of the 
air-fuel ratio sensor 31 is lower than a reference voltage, 
for example, 0.45 V. 
55 If the air-fuel ratio is rich, step 21 0 checks a rich flag 
XOX to see if it is 1 and determines whether or not a 
preceding air-fuel ratio was rich. If XOX * 1, step 212 
sets a skip flag XSKIP to 1 . Step 214 calculates an aver- 
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age FAFAV between preceding and present air-fuel ratio 
feedback correction coefficients (FAFs). Step 216 sub- 
tracts a skip quantity RSL from the correction coefficient 
FAF. If XOX = 1 in step 210, step 218 subtracts an inte- 
gral quantity KIL from the correction coefficient FAF. 
Step 220 sets the flag XOX to 1 to complete the air-fuel 
ratio feedback control. Thereafter, the air-fuel ratio 
learning control (step 302) is carried out. 

If the air-fuel ratio is lean in step 208, step 222 
checks to see if XOX = 0 and determines whether or not 
a preceding air-fuel ratio is lean. If XOX * 0, step 224 
sets the skip flag XSKIP to 1. Step 226 calculates an 
average FAFAV between preceding and present air-fuel 
ratio feedback correction coefficients (FAFs). Step 228 
adds a skip quantity RSR to the correction coefficient 
FAF. If XOX = 0 in step 222, step 230 adds an integral 
quantity KIR to the correction coefficient FAF. Step 232 
resets the flag XOX to 0 to complete the feedback con- 
trol routine. Thereafter, the air-fuel ratio learning control 
(step 302) is carried out. 

If the feedback conditions are not met in step 202, 
steps 204 and 206 set FAFAV and FAF each to a refer- 
ence value of 1 .0 to complete the feedback control rou- 
tine. Thereafter, the air-fuel ratio learning control (step 
302) is carried out. 

The air-fuel ratio learning control of Fig. 5 will be 
explained. Step 302 finds a learning area j 0 = 1 to 7) 
according to a pressure in the intake duct 13 detected 
by the vacuum sensor 12. There are learning areas 1 to 
7 depending on pressures in the intake duct 13. The 
learning area found is set as tj (j = 1 to 7). Step 304 
checks tj to see if it is equal to a preceding learning area 
j. If tj * j, step 306 sets tj to j, and step 310 clears a skip 
number CSKIP to complete the air-fuel ratio learning 
control. Thereafter, the vapor concentration learning 
control (step 402) is carried out. 

If tj = j in step 304, step 308 checks to see if a!! of 
the following conditions for air-fuel ratio learning control 
are met: 

(1) air-fuel ratio feedback control being carried out 

(2) no fuel increase after starting engine or during 
warming-up 

(3) cooling water temperature ^ 80°C 

If any one of the conditions is not met, step 310 clears 
the skip number CSKIP to complete the air-fuel ratio 
learning control. Thereafter, the vapor concentration 
learning control (step 402) is carried out. 

If all of the conditions are met in step 308, step 3 1 2 
checks the skip flag XSKIP to see if it is 1 , i.e., whether 
or not it is just after skipping. If XSKIP * 1, the air-fuel 
ratio learning control is terminated, and the vapor con- 
centration learning control (step 402) is carried out. If 
XSKIP = 1 , step 314 clears the skip flag XSKIP to 0, and 
step 316 increments the skip number CSKIP by one. 
Step 318 checks to see if CSKIP i= KCSKIP, where 
KCSKIP is a reference number and is, for example, 3. If 



CSKIP < KCSKIP, the air-fuel ratio learning control 
ends, and the vapor concentration learning control (step 
402) is carried out. 

If CSKIP * KCSKIP in step 318, step 320 deter- 

5 mines whether or not a purge ratio PGR is 0. The purge 
ratio PGR is the ratio of the quantity of purged fuel to the 
quantity of intake air and is calculated in the purge con- 
trol routine to be explained later. If PGR * 0, i.e., if fuel 
is being purged, the air-fuel ratio learning control ends, 

io and the vapor concentration learning control (step 410) 
is carried out. If PGR = 0, i.e., if no fuel is being purged, 
the averaged correction coefficient FAFAV set in one of 
steps 204, 214, and 226 of the feedback control routine 
is checked to see if it is greater than a reference value, 

15 for example, 1 .02. According to a deviation of the aver- 
aged correction coefficient FAFAV, a learning value KGj 
(j = 1 to 7) for the learning area j is determined. If FAFAV 
§ 1 .02 in step 322, step 324 adds a value x to the learn- 
ing value KGj. If FAFAV < 1 .02 in step 322 and if FAFAV 

20 =2 0.98 in step 326, step 328 subtracts the value x from 
the learning value KGj. In any other case, step 330 sets 
an air-fuel ratio learning completion flag XKGj for the 
learning area j to 1 . After the air-fuel ratio learning con- 
trol, the vapor concentration learning control (step 402) 

25 is carried out. 

The vapor concentration learning control of Fig. 6 
will be explained. Step 402 checks to see if the engine 
is starting. Namely, step 402 checks to see if an engine 
revolution speed after an ignition key has been turned 

30 on is a cranking speed. If the engine has been started 
already, the vapor concentration learning control ends, 
and the fuel injection time (TAU) calculation control 
(step 452) is carried out. If the engine is starting, step 
404 sets a vapor concentration FGPG to a reference 

35 value of 1 .0 and clears a counter CFGPG for counting 
the number of times of updating a vapor concentration 
to 0. Step 406 initializes a preceding duty factor DPGO, 
a preceding purge ratio PGRO, etc., to zero. 

If PGR * 0 in step 320 of the air-fuel ratio learning 

40 control of Fig. 5, step 410 determines if the purge ratio 
PGR is larger than, for example, 0.5%. If PGR * 0.5%, 
step 412 checks to see if the averaged correction coef- 
ficient FAFAV is within a range of ±2% around a refer- 
ence value of 1 .0. If 1 .02 > FAFAV > 0.98, step 414 sets 

45 a vapor concentration updating value tFG per purge 
ratio to 0, and if not, step 416 calculates tFG as follows: 

tFG <-(1 - FAFAV) /(PGR* a) 

so where "a" is a given value, for example, 2. 

Step 418 increments the counter CFGPG by one, 
and step 428 is carried out. 

If PGR < 0.5% in step 410, it is determined that the 
vapor concentration updating accuracy is bad. Accord- 
55 ingly, step 420 checks to see if a deviation of the air-fuel 
ratio feedback correction coefficient FAF is ±10% or 
larger with respect to a reference value of 1 .0. If FAF ^ 
1 .1 in step 420, step 422 subtracts a given value Y from 
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the vapor concentration updating value tFG. If FAF § 
1.1 in step 420 and if FAF < 0.9 in step 424, step 426 
adds the value Y to the vapor concentration updating 
value tFG. Step 428 corrects the vapor concentration 
FGPG by adding the vapor concentration updating 5 
value tFG thereto, to complete the vapor concentration 
learning control. Then, the fuel injection time (TAU) cal- 
culation control (step 452) is carried out. 

The fuel injection time (TAU) calculation control of 
Fig. 7 will be explained. Step 452 refers to a map in the w 
ROM 62 and finds a reference fuel injection time TP 
according to an engine revolution speed and an engine 
load (the quantity of intake air per engine revolution). At 
the same time, step 452 calculates a reference correc- 
tion coefficient FW according to signals from the throttle 15 
opening sensor 9, water temperature sensor 51, and 
intake temperature sensor 3. The engine load may be 
estimated according to a pressure in the intake duct 13 
and the engine revolution speed. Step 454 calculates an 
air-fuel ratio learning correction quantity KGX for a 20 
present pressure in the intake duct 13 according to the 
air-fuel ratio learning value KGj of an adjacent learning 
area by interpolation. 

Step 456 calculates a purge-based air-fuel ratio 
correction quantity FPG according to the vapor concen- 25 
tration FGPG and purge ratio PGR as follows: 

FPG <r- (FGPG - 1) * PGR 

Step 458 calculates a fuel injection time TAU as fol- 30 
lows 

TAU <r-TP * FW * (FAF + KGX + FPG) 

This completes the fuel injection quantity calcula- 35 
tion routine. The fuel injector 21 of each cylinder is 
opened for the fuel injection time TAU at a crank angle 
calculated according to fuel injection timing provided by 
another routine. 

Figures 8A, 8B, 9 and 10 are flowcharts showing 40 
the purge control routine according to the present inven- 
tion. The purge control routine is a timer interrupt car- 
ried out at regular intervals of, for example, 1 msec. This 
routine determines the duty factor (the ON period) of a 
pulse signal that controls the opening of the purge con- 45 
trol valve (hereinafter referred to D-VSV) 41. The rou- 
tine consists of a purge ratio (PGR) calculation routine 
(Figs. 8Aand 8B), a delay time setting control routine for 
performing the delay time setting means B of the 
present invention (Fig. 9), and a VSV controlling routine so 
for performing the purge control valve driving means C 
of the present invention (Fig. 10), each of which is car- 
ried out at intervals of 1 msec. 

The purge ratio calculation routine of Figs. 8A and 
8B will be explained. Step 502 determines whether or 55 
not it is time to output the pulse signal for driving the 
purge control valve 41. Namely, step 502 determines 
whether or not it is a valve driving period of, for example, 



100 msec when the driving frequency of the purge con- 
trol valve 41 is 10 Hz. tf It is so, step 504 determines 
whether or not a purge condition 1 is met. i.e., whether 
or not the air-fuel ratio learning conditions are met. If the 
purge condition 1 is met, step 506 determines whether 
or not a purge condition 2 is met, i.e., whether or not fuel 
is being supplied and the air-fuel ratio learning comple- 
tion flag XKGj is 1 for the learning area j in question. 

If the purge condition 2 is met. step 512 increments 
a purge timer CPGR. Step 514 refers to a map of Fig. 1 1 
stored in the ROM 62 according to a pressure in the 
intake duct 13. finds a purge fuel quantity PGQ with the 
purge control valve 41 being fully opened, and calcu- 
lates a purge ratio PG100 with the purge control valve 
41 being fully opened according to the ratio of the 
purged fuel quantity PGQ to an intake air quantity QA. 
Step 516 determines whether or not the air-fuel ratio 
feedback correction coefficient FAF is within a given 
range, i.e., if KFAF15 > FAF > KFAF85. 

If KFAF15 > FAF > KFAF85 in step 516, step 518 
increases a target purge ratio tPGR by a given quantity 
KPGRu and limits the target purge ratio tPGR equal to 
or below a maximum target purge ratio P% that is deter- 
mined according to a map of Fig. 12 and the purge timer 
CPGR. If FAF =i KFAF15 or FAF * KFAF85 in step 516, 
step 520 decreases the target purge ratio tPGR by a 
given quantity KPGRd and limits the target purge ratio 
tPGR to equal to or above a minimum target purge ratio 
S%, which is, for example, 0% or 0.5%. This prevents 
an air-fuel ratio from fluctuating due to purged fuel. 

Step 522 calculates a duty factor DPG as follows: 

DPG <- (tPGR/PG100) ♦ 100 

Step 526 calculates an actual purge ratio PGR as 
follows: 

PGR<- PG100* (DPG/ 100) 

Step 528 updates a preceding duty factor DPGO 
and a preceding purge ratio PGRO according to the 
DPG and PGR. Then, the delay time setting control rou- 
tine of Fig. 9 (step 610) is carried out. 

On the other hand, if it is judged that it is not the 
time to output the pulse signal for driving the purge con- 
trol valve 41 in step 502, the process proceeds to step 
610 shown in Fig. 9, for carrying out the delay time set- 
ting control. If the purge condition 1 is not met in step 
504, related RAM data such as the preceding duty fac- 
tor DPGO and preceding purge ratio PGRO are initial- 
ized to 0 (step 508). After step 508 is executed or if the 
purge condition 2 is not met in step 506, zeroing the 
duty factor DPG and purge ratio PGR is executed (step 
510), and step 610 shown in Fig. 9, for carrying out the 
delay time setting control, is executed. Next, processes 
of the delay time setting control (Fig. 9) for carrying out 
the delay time setting means B of the present invention 
will be explained. 
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Fig. 9 is a flowchart showing processes for the 
delay time setting control according to the present 
invention. First, in step 610, a current driving per od 
counter ectevp2 is incremented. Namely, ectevp2 is 
counted up by one. Then, in step 620, whether it is a 
timing for driving the D-VSV or not is determined, if the 
result is YES, the process proceeds to step 630, if the 
result is NO, the process proceeds to step 780. In step 
630, a delay time (on-delay time) dpgdly for delaying the 
valve opening start timing of the D-VSV from the start 
timing in the valve opening interval of the D-VSV. In step 
740, whether or not the delay time dpgdly is 0 is 
checked, if dpgdly = 0, the process proceeds to step 
750. In step 750, the D-VSV driving process for setting 
the opening timing of D-VSV is executed. If dpgdly ? 0 
in step 740, the process proceeds to step 770, a f ag 
exdpgdly is set to 1 (on) in step 770, in which the f ag 
exdpgdly indicates that the delay control is on the pioc- 
ess, namely, the delay time setting is on the process, 
and ends the routine. 

Next, in step 760, the delay control flag exdpgdly is 
reset to 0 (off), then an engine revolution speed NE, a 
crank angle CCRNK and a valve opening time t-dpg in a 
driving period of a D-VSV corresponding to a duty factor 
(hereinafter referred to a D-VSV opening time) when the 
D-VSV is on, are read in step 761 . On the other hand if 
it is determined that it is not a timing for driving the D- 
VSV in step 620, whether the delay control flag exd- 
pgdly is 1 (on) or 0 (off) is checked in step 780, namely, 
whether or not the delay control is on the process is 
determined, and if the result is YES, the process pro- 
ceeds to step 790, if the result is NO, the process pro- 
ceeds to step 755 shown in Fig. 10. In step 790, 
whether or not the current driving period counter 
ectevp2 has been reached to the delay time dpgdly is 
determined, if the result is YES, the process proceeds 
to step 750, and the D-VSV driving process for sett'ng 
the opening timing of D-VSV is executed. If the resu t is 
NO in step 790, the process proceeds to step 755 
shown in Fig. 10. Next, the D-VSV on-off process exe- 
cuted by step 750 in Fig. 9 will be explained. 

Fig. 10 is a flowchart showing detailed processes of 
step 950 shown in Fig. 9, which shows processes of the 
D-VSV control according to an embodiment of the 
present invention. First, if dpgdly = 0 in step 740 for the 
purge rate control shown in Fig. 9, or when the current 
driving period counter ectevp 2 reached to the delay 
time dpgdly, step 751 determines whether or not the 
duty ratio DPG calculated in step 522 shown in Fig. 3B 
is 0. If the result is YES, namely, the purge control is not 
on, the process proceeds to step 754, if the result is NO, 
namely, purge control is on, the process proceeds to 
step 752 and turn on the D-VSV (in step 752). Next, 
step 753 calculates a valve OFF time TDPG as follows, 
and the process proceeds to step 760 shown in Fig. 9. 

TDPG <- DPG + TIMER 



where TIMER is incremented whenever the purge con- 
trol routine is carried out. 

On the other hand, if the result in step 620 shown in 
Fig. 9 of the purge rate control is NO, namely, if it is 

5 judged that it is not a time to switch the driving period 
and step 780 determines NO, or step 790 determines 
NO after step 780 determined YES, step 755 shown in 
Fig. 10 executes a process to close the D-VSV. That is, 
whether or not the current TIMER value agrees with the 

w valve OFF tim TDPG of the D-VSV is checked, if the 
result is NO, the process proceeds to step 760 shown in 
Fig. 9, if the result is YES, the process proceeds to step 
754. If the result in step 751 is YES, the process also 
proceeds to step 754. Step 754 turns off the D-VSV and 

15 proceeds to step 760 shown in Fig. 9. This completes 
the purge control routine. Here, the differences between 
the purge control according to the embodiment of the 
present invention explained above and that of the prior 
art will be explained below referring to Fig. 13 and Fig. 

20 14. 

Fig. 13 is an explanatory view showing a driving 
timing of D-VSV under a determined engine condition, 
the upper part (a) shows the driving timing according to 
an embodiment of the present invention, the middle part 

25 (b) shows the cylinder number in an intake stroke, and 
the lower part (c) shows the driving timing according to 
the prior art. As can be seen from the lower part in Fig. 
13 (c), it is understood that No. 1 cylinder in the intake 
stroke is synchronized with the drive timing of the D- 

30 VSV. In this case, the purge gas is mainly drawn into No. 
1 cylinder, and the air-fuel ratio in No. 1 cylinder 
becomes rich, while the air-fuel ratio in No. 4 cylinder 
becomes lean, which means the purge gas is not 
equally distributed into each of cylinders. On the other 

35 hand, as can be seen from the upper part in Fig. 13 (a), 
according to the embodiment of the present invention, 
the purge gas is not only drawn into No. 1 cylinder but is 
also drawn into No. 4 cylinder because the drive start 
timing of the D-VSV (on timing of the D-VSV) is delayed 

40 with the delay time dpgdly from the start timing (zero 
point) of the driving period every other driving period. 
Thus, the purge gas equally distributed into cylinders, 
thereby allowing the fluctuation in the air-fuel ratio in the 
engine to be stabilized. Next, the fluctuation in the air- 

45 fuel ratio will be explained. 

Figure 14 compares fluctuations in an air-fuel ratio 
caused by purged fuel between the present invention 
and the prior art. An ordinate represents an air-fuel 
ratio. On an abscissa, suction cylinders 1 , 3, 4, and 2 on 

so the left side are of the prior art and their suction timing 
is synchronized with the open timing of the purge con- 
trol valve 41 . Suction cylinders 1 to 4 on the right side 
are of the present invention and their suction timing is 
not synchronized the open timing of the purge control 

55 valve 41 . According to the prior art, the cylinder 4 is lean 
and the cylinder 1 is rich when the suction timing of the 
cylinder 1 is synchronized with the open timing of the 
purge control valve 41, and when the suction timing of 
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the cylinder 2 agrees with the same, the cylinder 4 is 
lean and the cylinder 1 is rich. When the suction timing 
of the cylinder 3 of the prior art agrees with the open 
timing of the purge control valve 41 , the cylinders 1 and 
4 are near the stoichiometric (theoretical) air-fuel ratio of 5 
1 4.6. When the cylinder 4 of the prior art is a suction cyl- 
inder, the cylinder 1 is near the theoretical air-fuel ratio 
of 14.6 but the cylinder 4 is rich. On the other hand, the 
present invention keeps the cylinder 1 near the stoichio- 
metric air-fuel ratio of 14.6 and the cylinder 4 near the 10 
same because the suction timing of the suction cylin- 
ders 1 to 4 alternately agrees with the open timing of the 
purge control valve 41. 

Fig. 15 is a flowchart showing a detailed process of 
step 630 in Fig. 9. In the flowchart according to the first 15 
embodiment of the invention, the process of step 630 in 
the flowchart of Fig. 9 is replaced by the flowchart 630- 
1 shown in Fig. 15. In the delay time setting process 
according to the first embodiment, the delay time is set 
for each two periods of the duty cycle in accordance 20 
with the engine speed calculated from the output signal 
of the crank angle sensor 47 by the driving condition 
detection means (engine speed detection means) A. 
First, step 631 judges whether the duty valve opening 
time (t_dpg) of the present processing period is smaller 25 
than a predetermined value kdpgh (a valve opening 
time corresponding to the duty factor of 80%, for exam- 
ple). When the result of judgement is YES, the process 
proceeds to step 632 for judging whether the delay time 
dpgdly of the present processing period is zero or not. 30 
When dpgdly is zero, the process proceeds to step 633, 
while when dpgdly is not zero, the process proceeds to 
step 639 where the delay time dpgdly is set to zero. In 
the case where the judgement in step 631 is NO, on the 
other hand, the process proceeds to step 639 for setting 35 
the delay time of the next processing period dpgdly to 
zero. 

In step 633, the delay time dpgdly for the engine 
speed NE of the present processing period calculated 
by the engine speed detection means according to the 40 
invention is calculated from the map of the delay time 
dpgdly of the next processing period for the engine 
speed NE stored in the ROM in advance. This map han- 
dles engine speed regions N1 and N2 between which 
the intake stroke of a specific cylinder is synchronized 45 
with the basic duty cycle T (= 100 msec) providing the 
base of the D-VSV. In the engine speed region N1, the 
delay time dpgdly is set to one half (= 50 msec) of the 
basic duty cycle T, and in the engine speed region N2, 
the delay time dpgdly is set to one fourth (= 25 msec) of so 
the basic duty cycle. In this way, the D-VSV is turned on 
after one half of the basic duty cycle T from the begin- 
ning of the basic duty cycle T in the engine speed region 
N1, and the D-VSV is turned after one fourth of the 
basic duty cycle T in the engine speed region N2. As a 55 
result, the D-VSV is turned on during the intake stroke 
of the cylinder #1 or #4 alternately for each combustion 
cycle of the engine in the engine speed region N1 , and 



the D-VSV is turned on during the intake stroke of the 
cylinder #1 or #4 alternately for each two combustion 
cycles in the engine speed region N2. The purge gas 
distribution among the cylinders is thus equalized 
thereby to suppress the fluctuations of the air-fuel ratio. 
As described above, according to this invention, a delay 
time is set in step 631 in such a manner as to secure the 
valve opening time during the duty cycle when the duty 
factor is very large (say, 80% or more). Also, in the case 
where the duty factor is very large, the intermittent flow 
of the purge gas occurs less frequently, so that the D- 
VSV can be opened at the starting point of the cycle 
without setting a delay time. Consequently, a compli- 
cated duty control operation is eliminated. Further, the 
purge gas flow rate is stabilized. 

Then, step 637 judges whether the delay time 
dpgdly is not more than a predetermined value or not, 
i.e., subtracts the present duty valve opening time 
(t_dpg) and the delay time guard value kpgv providing 
the off-time of the D-VSV required for securing a stable 
purge gas flow rate are subtracted from the present 
period T, (T - (t_dpg) - kpgv). Thus step 637 judges 
whether the delay time dpgdly £ T - (t_dpg) - kpgv or 
not. If the judgement is YES, the process proceeds to 
step 740. while when the judgement is NO, the process 
proceeds to step 638 for setting the delay time dpgdly to 
(T ■ (Ldpg) - kpgv). In this way, according to this inven- 
tion, the delay time is set according to the valve opening 
timing in steps 637 and 638. Therefore, the D-VSV can 
be positively opened or closed while making it possible 
to supply the purge gas in a set amount to the intake 
path without any excess or shortage. Also, since the 
opening and closing operation of the D-VSV is accu- 
rately completed within a single period, the calculation 
of the delay time for the open/close control and the 
open/close control itself for the next period are not 
adversely affected. 

Fig. 16 is a flowchart showing another detailed 
process of step 630. In the flowchart according to the 
second embodiment of the invention, the process of 
step 630 in the flowchart of Fig. 9 is replaced by the 
flowchart 630-2 shown in Fig. 16. According to the sec- 
ond embodiment, a process is set for setting the delay 
time dpgdly corresponding to the duty factor and the 
region of the engine speed NE. First, step 632 judges 
whether the delay time dpgdly of the present processing 
period is zero or not. If dpgdly is zero, the process pro- 
ceeds to step 642, while when dpgdly is not zero, the 
process is passed to step 647. In step 642, the rota- 
tional regions 0 to 4 corresponding to the engine speed 
NE are determined on the basis of the map stored in the 
ROM in advance. Step 645 calculates the delay time 
dpgdly of the next processing period in accordance with 
the duty factor and the rotational regions 0 to 4 on the 
basis of the map stored in the ROM in advance. As a 
result, the duty factor as well as the engine speed is 
taken into consideration. Specifically, the distribution is 
equalized among cylinders without setting any delay 
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time when the duty factor is large unlike when the duty 
factor is small. Thus, as the duty factor increases 
beyond a predetermined value, the delay time is set 
steadily smaller. According to the present invention, the 
execution of the flowchart shown in Fig. 16 makes it 5 
possible to delay the valve opening start time of the D- 
VSV in such a manner as not to specify any cylinder into 
which the purge gas flows for each duty cycle in the 
engine rotational regions 1 , 3 where the engine speed is 
substantially synchronized with the duty cycle. As a w 
result, the purge gas is distributed uniformly among the 
cylinders thereby to suppress the fluctuations of the air- 
fuel ratio. 

Now, the process for setting the delay time having a 
period switching means D according to a third embodi- 15 
merit of the invention will be explained with reference to 
Figs. 17 to 20. 

Fig. 17 is a flowchart schematically showing the 
process for setting the delay time according to the third 
embodiment of the invention. In the flowchart according 20 
to the third embodiment of the invention, the process of 
steps 620 and 630 in the flowchart of Fig. 9 are replaced 
by the process of steps 620-1 and 630-3, respectively. 
According to this third embodiment, step 620-1 switches 
the duty cycle of the D-VSV between two periods such 25 
as 100 msec and 67 msec, for example, and step 630-3 
sets the delay time dpgdly corresponding to the respec- 
tive periods. In Fig. 1 and subsequent drawings, the 
process of the same step number designates the same 
process. The process of steps 610, 740, 750, 760, 770, 30 
780 and 790 in Fig. 1 7 will not be therefore omitted. 

First, step 620-1 will be explained. Step 651 judges 
whether the timing has arrived for driving the D-VSV or 
not. If the judgement is YES, the process proceeds to 
step 656, while if the judgement is NO, the process pro- 35 
ceeds to step 780. Step 656 sets the duty cycle, fol- 
lowed by step 660 for calculating the present duty valve 
opening time (t_dpg) corresponding to the period. Spe- 
cifically, when the period T is 100 msec, the duty valve 
opening time (t_dpg) is set to DPG, and when the 40 
period T is 67 msec, the duty valve opening time (t_dpg) 
is set to DPG*67/100. The units of the duty valve open- 
ing time (t_dpg) are msec. Then, step 630-3, i.e., steps 
661 to 663 calculate the delay time dpgdly correspond- 
ing to the duty factor in the following manner. First, step 45 
661 judges whether the flag exevp2, indicating which of 
the two duty cycles is selected, is set to 1 (T = 67 msec) 
or to 0 (T * 100 msec). When exevp2 is set to 1, the 
process is passed to step 662 for setting the delay time 
dpgdly corresponding to the period T of 67 msec corre- 50 
sponding to the engine speed, while when exevp2 is 
zero, the process proceeds to step 663 for setting the 
delay time dpgdly corresponding to the period T of 1 00 
msec. This setting is effected on the basis of the map 
described with reference to Fig. 16, for example. In this 55 
way, the period switching means according to the 
present invention is accomplished by executing the 
process of steps 620-1 and 630-3 in the flowchart of 



Fig. 17. As a result, the delay time corresponding to the 
duty cycle is set in an engine rotational region where the 
engine speed is substantially synchronized with the 
duty cycle of the D-VSV thereby to supply the purge gas 
into the intake path. Thus the valve opening timing of 
the D-VSV can be delayed in a manner to not specify 
any cylinder. Consequently, the purge gas is distributed 
uniformly among the cylinders and the fluctuations of 
the air-fuel ratio are suppressed. Now, the process of 
steps 651 and 657 in step 620-1 will be explained in 
detail. 

Fig. 18 is a flowchart showing a detailed process of 
step 651. First, step 652 judges whether the duty cycle 
ID flag exevp2 indicating which of the two duty cycles is 
selected is set to 0 (T = 1 00 msec) or to 1 (T = 67 msec). 
When exevp2 is set to zero, the process proceeds to 
step 653 for setting the duty cycle T to 100 msec, 
whereas if exevpt2 is set to 1 , the process is passed to 
step 653 for setting the duty cycle T to 67 msec. Then, 
step 655 judges whether the counter ectevp2 of the 
present period has reached T or not. If the judgement is 
YES, the process is passed to step 655a, so that the 
counter ectevp2 of the present period is cleared fol- 
lowed by proceeding to step 656. In the case where the 
judgement in step 655 is NO, on the other hand, the 
process proceeds to step 780 shown in Fig. 9. 

Fig. 1 9 is a flowchart showing a detailed process of 
step 656. First, step 657 compares the duty factor DPG 
with a lower limit setting KDPG (say, 10%) of the duty 
factor which deteriorates the flow rate characteristic of 
the purge gas, i.e., judges whether DPG * KDPG. 
When DPG s KDPG, the process proceeds to step 658 
thereby to set the duty cycle ID flag exevp2 to zero (T = 
100 msec), while if DPG > KDPG, on the other hand, 
the process is passed to step 659 to set exevp2 to 1 (T 
= 67 msec). In place of the lower limit setting KDPG of a 
duty factor described above, the upper limit setting 
K'DPG (say, 80%) can be provided, sin that the duty ID 
flag can be set in accordance with the duty factor in the 
neighborhood of a high duty factor (80% or more) where 
the purge gas flow rate characteristic is deteriorated. 
Also, the duty ID flags can be set for both the upper and 
lower limit settings. 

Fig. 20 is a diagram showing the relation between 
the duty factor and the flow rate of the two duty cycles. 
The flow rate characteristic for the duty cycle a (100 
msec) has a better linearity than that for the duty cycle 
b (67 msec) in the neighborhood of 0 % and 100 %. In 
this way, in the case where the lower limit or the upper 
limit is exceeded for the duty cycle b, the duty cycle b is 
forcibly switched to the duty cycle a having a superior 
flow rate characteristic thereby to secure an appropriate 
flow rate characteristic. 

Fig. 21 is a flowchart showing a detailed process of 
step 630 in Fig. 9 according to a fourth embodiment of 
the invention. In the flowchart of 630-4 of Fig. 21, step 
633 in the flowchart 630-1 of Fig. 15 is replaced by 
steps 634 to 636. The flowchart 630-4, therefore, shows 
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the process for setting the optimum delay time corre- 
sponding to the duty factor for delaying the opening tim- 
ing of the D-VSV. The process of steps 634 to 636 will 
be described below. First, step 634 calculates the cen- 
tral timing dpgxo = (Ldpgo) of the valve opening time 5 
(t_dpgo) of the D-VSV in the previous period, 
and step 635 calculates the central timing 
dpgx = dpgxo + dpgdly of the valve opening time of the 
D-VSV in the present period. Further, step 636 sub- 
tracts one half of the valve opening time (t_dpg) of the w 
D-VSV in the present period from the central timing 
dpgx of the valve opening time from the valve opening 
start (timing of turning D-VSV on) to the end of the valve 
opening (timing of turning D-VSV off) in the present 
period thereby to calculate the present valve opening 15 
timing dpgdly = dpgx - (t_dpg)/2 . In this way, this inven- 
tion is implemented by executing the process of the 
flowchart 630-4 shown in Fig. 21 . As a result, especially 
at a transient time when the duty factor undergoes a 
sudden change at the time of acceleration or decelera- 20 
tion, the valve opening time can be changed (by length- 
ening the valve opening time, for example) with 
reference to the center of the valve opening time. The 
cylinders on intake stroke into which the purge gas flows 
can thus be distributed uniformly. Specifically, the purge 25 
gas can be easily introduced into a cylinder which 
closes the intake valve immediately before the purge 
gas purged immediately after the opening of the D-VSV 
reaches the particular cylinder, thereby promoting the 
distribution of the purge gas among the cylinders and 30 
thus suppressing fluctuations of the air-fuel ratio. 

Fig. 22 is a diagram for explaining the process of 
delaying the valve opening time during the duty cycle 
based on the central timing of the valve opening time. 
Fig. 22a is a diagram showing that the valve opening 35 
time is delayed for each two periods of duty cycle, and 
Fig. 22b is a diagram for explaining steps 634 to 636 in 
Fig. 21. Fig. 22a shows that the delay time is set for 
each two periods based on the central timing of the duty 
cycle. Fig. 22b, on the other hand, indicates that when 40 
the duty factor changes from 20% to 40%, the delay 
time is shortened based on the central timing of the 
valve opening time in the duty cycle. 

Fig. 23 is a flowchart showing a detailed process for 
setting the delay time according to a fifth embodiment of 45 
the invention. In the flowchart according to the fifth 
embodiment of the invention shown in Fig. 23, the proc- 
ess of steps 630 and 790 in the flowchart of Fig. 9 are 
replaced by flowcharts 630-5 and 790-1. In the fifth 
embodiment of the invention, the time is detected when so 
the intake timing of a specific cylinder is synchronized 
with the duty cycle of the D-VSV (uniform distribution 
judge means), and the delay time is intended to be set 
only in such a case. First, step 691 of step 630 in the 
flowchart 630-5 calculates the maximum value of the 55 
delay time (kectevp) from the following equation. 

kectevp = T - (t_dpg) - (kpgv) 



where T is the duty cycle, (t_dpg) is the valve opening 
time (duty valve opening time) per duty cycle of the D- 
VSV equivalent to the duty factor, and Kpgv is the delay 
time guard value. Step 692 judges from the present 
crank angle whether the present valve opening time of 
the D-VSV is the intake stroke of the cylinder #1 or cyl- 
inder #4. In the case where the judgement is YES, the 
process proceeds to step 770, and the flag exdfcgdly 
indicating that the delay control is proceeding is set to 1 
(on), thus completing this routine. In the case where the 
judgement is NO, on the other hand, the process pro- 
ceeds to step 750 for opening the D-VSV without setting 
any delay time dpgdly. Step 791 in the flowchart 790-1 , 
on the other hand, judges from the present crank angle 
whether the present valve opening time of the D-VSV is 
the intake stroke of the cylinder #1 or cylinder #4. If the 
judgement is YES, the process is passed to step 795, 
while when the judgement is NO, the process proceeds 
to step 750 for opening the D-VSV. Step 795 judges 
whether or not the count value ectevp2 on the counter 
for the present period has reached the maximum value 
kectevp of the delay time. In the case where the judge- 
ment is YES, the process proceeds to step 750 for 
opening the D-VSV. If the judgement is NO, on the other 
hand, the process proceeds to step 755 in Fig. 10. In 
this way. according to this invention, the delay time is set 
in such a manner that a cylinder which is in an intake 
stroke for the next period of the D-VSV is different from 
a cylinder which is in an intake stroke at the valve open- 
ing time of the present period. The purge gas, therefore, 
is uniformly distributed among the cylinders, and the 
fluctuations of the air-fuel are suppressed. 

Fig. 24 is a flowchart showing a detailed process of 
setting the delay time according to a sixth embodiment 
of the invention. In the flowchart according to the sixth 
embodiment of the invention shown in Rg. 24, the proc- 
ess of steps 630, 761 and 790 in the flowchart of Fig. 9 
are replaced by the flowcharts 630-6, 761-1 and 790-2, 
respectively. According to the sixth embodiment of the 
invention, the time is detected when the intake timing of 
a specific cylinder is synchronized with the duty cycle of 
the D-VSV, and the delay time at that timing is set to the 
crank angle of 360° CA so as to open the D-VSV by 
shifting the engine combustion cycle by one half. As a 
result, when the intake timing of a specific cylinder 
comes into synchronism with the duty cycle of the D- 
VSV, the particular specific cylinder, for example, the 
cylinder #1 and the cylinder #4 which is shifted by 360° 
CA from the cylinder #1 are controlled to open the D- 
VSV alternately when they are on intake stroke. Thus 
the distribution of the purge gas among the cylinders is 
equalized. First, step 691 in the flowchart 630-6 calcu- 
lates the maximum value kectevp of the delay time as 
explained with reference to Fig. 23. Then, step 710 cal- 
culates the crank angle X shifted by 360° CA from the 
crank angle at the time of previous valve opening start 
of the D-VSV stored in step 764 as described later. In 
other words, the cylinder #1 is calculated which is in an 
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intake stroke by 360°CA behind the #4 cylinder. Then, 
step 720 judges whether the present crank angle 
CCRNK is X° CA or not. In the case where the judge- 
ment is YES, the process proceeds to step 750 for 
opening the D-VSV, while if the judgement is NO, the 
process proceeds to step 770, where the flag exdpgdly 
indicating that the delay control is going on set to 1 (on), 
thus completing the routine. 

After that, in the flowchart 761 -1 , the present crank 
angle is stored (step 764), the present duty valve open- 
ing time (t_dpg) is stored (step 765), and the present 
engine speed NE is stored (step 766). Step 793 in the 
flowchart 790-2 judges whether the present crank angle 
CCRNK is X° CA or not. If the judgement is YES, the 
process proceeds to step 750 for opening the D-VSV, 
while if the judgement is NO, on the other hand, the 
process proceeds to step 795 for judging whether the 
count value ectevp2 of the counter for the present 
period has reached the maximum value of the delay 
time. If the judgement is YES, the process is passed to 
step 750, while if the judgement is NO, the process pro- 
ceeds to step 755 in Fig. 10. 

Fig. 25 is a flowchart showing a detailed process of 
step 710. The process shown in the flowchart 710-1 of 
Fig. 25 is intended to equalize the distribution of the 
purge gas among the cylinders at the time of accelera- 
tion and deceleration taking the response to the purge 
gas flow into account. First, step 711 judges whether 
the engine speed NE assumes a value neu or more 
which the previous result of calculation of NE + 25 
(RPM). When NE ^ neu, the process proceeds to step 
713, while if NE < neu, the process proceeds to step 
712. Further, step 71 2 judges whether the engine speed 
NE assumes a value not more than ned which is the 
previous result of calculation of NE - 25 (RPM). If NE ^ 
ned, the process proceeds to step 715, and when the 
judgement is NE > ned, on the other hand, the process 
proceeds to step 714. Steps 713, 714, and 715 calcu- 
late the crank angle X shifted by (360 ■ a) (a > 0))° CA, 
360° CA and (360 + p (p > 0))° CA, respectively, with 
respect to the crank angle at the previous valve open- 
ing-start time of D-VSV stored in step 764. 

Fig. 26 is a flowchart showing a detailed process for 
setting the delay time according to a seventh embodi- 
ment of the invention. In the flowchart according to the 
seventh embodiment of the invention shown in Fig. 26, 
the process of steps 630, 761 and 790 in the flowchart 
of Fig. 9, as in Fig. 24, are replaced by the flowcharts 
630-7, 761-1 and 790-2, respectively. According to the 
seventh embodiment of the invention, the delay time is 
set when the cylinder which is in an intake stroke at the 
present time of valve opening of the D-VSV is identical 
to the cylinder which is in an intake stroke at the previ- 
ous time of valve opening of the D-VSV, and the delay 
time is set to zero otherwise. As a result, the distribution 
of the purge gas among the cylinders is equalized. In 
the flowchart shown in Fig. 26, steps 710 and 720 of 
Fig. 24 are replaced by step 730 of Fig. 26, and step 



793 in Fig. 24 is replaced by step 794 in Fig. 26. As a 
result, only steps 730 and 794 will be described below. 
Step 730 judges whether the cylinder which is in an 
intake stroke at the present valve opening time of the D- 

5 VSV is identical to the cylinder which is in an intake 
stroke at the previous time of valve opening of the D- 
VSV. If the judgement is YES, the process proceeds to 
step 770 for setting flag exdpgdly indicating that the 
delay control is in process to 1 (on) thereby to complete 

10 the routine. In the case where the judgement in step 730 
is NO, on the other hand, the process proceeds to step 
750 for opening the D-VSV. In similar fashion, step 794 
judges whether the cylinder which is in an intake stroke 
at the present time of valve opening of the D-VSV is 

15 identical to the cylinder which is in an intake stroke at 
the previous time of valve opening of the D-VSV. If the 
judgement is YES, the process proceeds to step 795 for 
judging whether the count value ectevp2 on the counter 
far the present period has reached the maximum value 

20 kectevp of the delay time. In the case where the judge- 
ment is YES, the process proceeds to step 750, while if 
the judgement is NO, the process is passed to step 755 
in Fig. 10. 

Fig. 27 is a flowchart showing a detailed process for 

25 setting the delay time according to an eighth embodi- 
ment of the invention. In the flowchart according to the 
eighth embodiment of the invention shown in Fig. 27, 
the process of step 630 in the flowchart of Fig. 9 is 
replaced by the flowchart 630-8. According to the eighth 

30 embodiment of the invention, an optimum delay time is 
set in accordance with the engine speed regardless of 
the rotational change of the engine at the time of accel- 
eration or deceleration. Specifically, the engine speed 
associated with the calculated delay time set for each of 

35 a plurality of rotational regions is used to calculate the 
engine speed up to the end of the particular duty cycle. 
Thus an engine speed corresponding to the present 
duty cycle is calculated from the difference between the 
previous engine speed and the present engine speed. 

40 As a result, the engine speed at the center of the 
present duty cycle is predicted, and the delay time is set 
on the basis of the predicted engine speed. A satisfac- 
tory delay time can thus be set even at the time of accel- 
eration or deceleration. Now, a specific process of the 

45 flowchart 630-8 will be explained below. 

First, step 632 judges whether the delay time 
dpgdly of the present processing cycle is zero or not. If 
dpgdly is zero, the process proceeds to step 643, while 
if dpgdly is not zero, the process proceeds to step 740. 

so Step 643 calculates the predicted engine speed tne at 
the center of the present duty cycle from the present 
engine speed NE and the previous engine speed onNE 
according to the following equation. 

55 tne = NE - (onNE - NE)/2 

Then, step 644 calculates the rotational region 1 2, 
3 or 4 corresponding to the predicted engine speed tne 
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calculated in step 644 based on the map stored in a 
ROM in advance. Step 645 calculates the delay time 
dpgdly corresponding to the duty factor and the rota- 
tional region calculated in step 644 based on the map 
stored in a ROM in advance, and then process pro- 5 
ceeds to step 740. 

In the embodiment described above, an example of 
the duty control operation is explained, in which the 
purge control with a delay time set (pattern with delay 
time) and the purge control with a delay time not set 10 
(pattern without delay time) are alternately executed 
within the duty cycle regardless of the operating condi- 
tions of the internal combustion engine. The present 
invention, however, is not limited to such a control oper- 
ation. Specifically, in setting a pattern with or without the 15 
delay time, a plurality of maps are stored in a ROM for 
determining the presence or absence of the delay time 
in accordance with the operating conditions of the inter- 
nal combustion engine (including the engine speed, 
load, intake air amount, throttle valve opening degree, 20 
cooling water temperature, battery voltage, and output 
value of the air-fuel ratio sensor) or the canister condi- 
tions, the conditions of tide fuel tank, the purge gas con- 
centration, etc., and the maps are switched and are 
used at the same time in accordance with the engine 25 
operating conditions, the canister conditions, the fuel 
tank conditions, the purge gas concentration, etc. For 
example, a first map is prepared for determining the 
presence or absence of the delay time on the basis of 
the engine load, and a second map is prepared for 30 
determining the presence or absence of the delay time 
on the basis of the engine cooling water temperature. 
The presence or absence of the delay time can be 
determined from the first map in accordance with the 
engine load conditions, or the presence or absence of 35 
the delay time can be determined using both the first 
and second maps only at the time of starting the engine 
when the water temperature is low. 

Although (the length of) the delay time is deter- 
mined in accordance with the engine speed in the 40 
above-mentioned embodiment, the invention is not lim- 
ited to such a method. The delay time can alternatively 
be set in accordance with a main map for calculating the 
delay time and an auxiliary map for calculating a correc- 
tion value of the delay time in accordance with the 45 
engine operating conditions, the canister conditions, the 
fuel tank conditions, the purge gas concentration, etc. in 
addition to the engine speed. For example, the main 
map is prepared for calculating the delay time based on 
a predicted engine load (detected by the load estimating so 
means), and an auxiliary map is prepared for calculating 
a correction value of the delay time based on the engine 
water temperature. In accordance with the engine load 
conditions, the delay time is calculated from the main 
map. and the delay time is corrected using the auxiliary 55 
map only at the time of engine start when the water tem- 
perature is low. 

Further, the present invention is not confined to the 



above-mentioned case in which a plurality of the peri- 
ods of the D-VSV, i.e., the purge control valve 41 are 
switched alternately between 67 msec and 100 msec. 
Instead, three or more periods can be switched alter- 
nately, or the same period can be repeated a plurality of 
times (twice or thrice, for example), followed by switch- 
ing to another period. In this way, the switching pattern 
can be altered in accordance with the engine operating 
conditions, the canister conditions, the fuel tank condi- 
tions, the purge gas concentration, etc. This pattern can 
of course be predetermined by experiment and can be 
set accordingly. 

Fig. 28 is a flowchart showing a process for setting 
the delay time according to a ninth embodiment of the 
present invention. In the flowchart according to the ninth 
embodiment of the invention shown in Fig. 28, step 646 
for correcting the delay time is added to step 645 in the 
flowchart of Fig. 27. According to the ninth embodiment, 
the delay time is corrected to decrease at the time 
engine acceleration and increase at the time of engine 
deceleration. Step 646 calculates a new delay time 
dpgdly by calculating the dpgdly*onNE/NE from the 
delay time dpgdly calculated in step 645, the present 
engine speed NE and the and the previous engine 
speed onNE. As a result, the delay time dpgdly is cor- 
rected to decrease at the time of acceleration when the 
present engine speed is higher than the previous 
engine speed, and corrected to increase at the time of 
deceleration when the present engine speed is lower 
than the previous engine speed. 

Fig. 29 is a diagram for explaining the delaying 
process according to the ninth embodiment of the 
invention. As shown in Fig. 29, the delay time dpgdly is 
corrected in such a manner as to decrease at the time 
of acceleration when the present engine speed is higher 
than the previous engine speed. 

Fig. 30 is a diagram showing the fluctuations of the 
air-fuel ratio when a first duty cycle is used for the delay 
process according to the invention. Fig. 30 shows the 
result of an experiment conducted for measuring the 
fluctuations of the air-fuel ratio when the delay time of 
the D-VSV is changed to 8, 16, 24, 32 to 40 msec, for 
each two periods of the duty cycle. It is also shown that 
the #4 cylinder is in an intake stroke at time points t1 , t2, 
t3, t4 at 64-msec intervals. Experiments shown in Fig. 
30 show that the air-fuel ratio of the #1 cylinder is not 
affected by the delay time for every two periods of the 
duty cycle, while the fluctuations of the air-fuel ratio of 
the #4 cylinder can be minimized when the delay time is 
set to 32 msec for every two periods of the duty cycle. 

Fig. 31 is a diagram showing the fluctuations of the 
air-fuel ratio when a second duty cycle is used for the 
delaying process according to the present invention. 
Fig. 31 shows the result of an experiment conducted for 
measuring the fluctuations of the air-fuel ratio when the 
delay time of the D-VSV is changed from 8, 16, 24, 32, 
40, 48, 56, 64 msec in that order for every two periods 
of the duty cycle. It is also shown that the cylinder #4 is 
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in an intake stroke at time points t1, t2, t3, t4 at time 
intervals of 100 msec. The result of the experiment of 
Fig. 31 shows that the air-fuel ratio of the cylinder #1 is 
not affected by the delay time for each two periods of the 
duty cycle, but the fluctuations of the air-fuel ratio of the 5 
cylinder #4 can be minimized when the delay time is set < 
to 0 or 64 msec for every two periods of the duty cycle. 

Now, other driving conditions detection means A 
according to the tenth to 14th embodiments of the 
invention will be explained. 10 

Fig. 32 is a flowchart of a delay time setting routine 
1 for the driving condition detection process according 
to the tenth embodiment of the invention. In the tenth 
embodiment, the crank angle is used instead of the 
engine speed in the first embodiment as the operating 15 
condition detection means for calculating the delay time. 
The crank angle for setting the delay time can thus be 
calculated more accurately than when using the engine 
speed. The processing routine of the flowcharts shown 
in Fig. 32 and subsequent drawings is initiated by a 20 
timer interruption generated at predetermined time 
intervals (say, 1 ms). 

First, step 801 judges whether or not the duty factor 
DPG is not more than kdpg80 (duty factor of 80%). In 
the case where the judgement is YES. it is judged that 25 
the intermittent purge flow is large, and the process pro- 
ceeds to step 802. In the case where the judgement is 
NO, on the other hand, a small intermittent purge flow, 
i.e., a substantially continuous flow is decided, so that 
the process proceeds to stops 81 1 , 812 for interrupting 30 
the delay control. Step 802 judges whether delay time 
(on-delay time) dpgdly is zero or not. If dpgdly is not 
zero, the process is passed to step 803, while if dpgdly 
is zero, the process proceeds to step 81 1 . Step 803 cal- 
culates the angular difference ccrnka between the opti- 35 
mum crank angle ccrnkbst and the present crank angle 
ccrnk. 

ccrnka = ccrnkbst - ccrnk 

40 

The optimum crank angle ccrnkbst is defined as a 
crank angle 360° CA shifted from the crank angle at the 
valve opening start time in the previous duty cycle of the 
D-VSV. Specifically, in order to prevent the engine com- 
bustion cycle from being synchronized with the duty 45 
cycle of the D-VSV and prevent the purge gas from 
being drawn continuously into a specific cylinder, the 
purge gas is drawn during the next duty cycle of the D- 
VSV into the cylinder in opposite phase to the cylinder 
that has drawn the purge gas during the present duty 50 
cycle. For this purpose, the crank angle at the present 
time of valve opening start of the D-VSV is shifted by 
360° CA with respect to the crank angle at the previous 
time of valve opening start thereby to optimize the distri- 
bution among the cylinders. Also, the optimum crank 55 
angle is not limited to the crank angle 360° CA shifted 
from the crank angle at the time of valve opening start 
during the previous duty cycle of the D-VSV, but the shift 



angle can be appropriately selected from among 
120°CA, 180°CA, etc. 

Step 804 judges whether the angular difference 
ccrnka calculated in step 803 is included in a specific 
range kcrnk180 (say, 180° CA). If the judgement is YES 
(ccrnka ^ ±kcrnk180) involving a substantially optimum 
crank angle, the process proceeds to step 811. When 
the judgement is NO involving a considerable displace- 
ment from the optimum crank angle, on the other hand, 
the process proceeds to step 805. Step 805 judges 
whether the angular difference ccrnka * 0. In the case 
where the optimum crank angle at which ccrnka § 0 is 
not yet reached (ccrnk < ccrnkbst), the process pro- 
ceeds to step 807. In the case where ccrnka is smaller 
than zero when the optimum crank angle has already 
been passed (ccrnk > ccrnkbst), the process proceeds 
to step 806. Step 806 calculates the crank angular dif- 
ference ccrnka providing a target in the next duty cycle 
of the D-VSV from the equation described below, and 
the process proceeds to step 807. Specifically, when 
ccrnk < ccrnkbst, the delay time is set in such a manner 
that the valve opening start time during the present duty 
cycle of the D-VSV is at or before the optimum crank 
angle ccrnkbst. When ccrnk > ccrnkbst, on the other 
hand, it indicates that the valve opening start time dur- 
ing the present duty cycle of the D-VSV already 
exceeds the optimum crank angle ccrnkbst. Therefore, 
the delay time for valve opening during the next duty 
cycle is set. 

ccrnka = ccrnka + 720 

Then, step 807 calculates the delay time dpgdly 
based on the following equation. 

dpgdly = (ccrnka*ctcrnk)/180 

where ctcrnk is shown in units of ms at time intervals of 
180° CA. 

Next, step 808 judges whether or not the delay time 
dpgdly calculated in step 807 is included in the delay 
time guard value or not. In the case where the judge- 
ment is YES, the process proceeds to step 810, while if 
the judgement is NO, the process is passed to step 809. 
This delay time guard value is calculated from T - 
(Ldpg) - kdpgv, where T is the duty cycle, t_dpg is the 
valve opening time during the present processing 
period, and kdpgv is a predetermined valve opening 
time required for completely closing the valve D-VSV. 
Step 809 updates the delay time dpgdly to the guard 
value, and the process proceeds to step 810. Step 810 
judges whether the delay time dpgdly is zero or not. If 
the judgement is YES, the process proceeds to step 
811, while when the judgement is NO, the routine is 
completed. Step 81 1 calculates the next optimum crank 
angle ccrnkbst with respect to the present crank angle 
ccrank in order to suspend the delay control operation. 
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ccrnkbst = ccrnk + 360 (°CA) 

Then, step 812 clears the delay time dpgdly to zero. 
Fig. 33 is a diagram showing the process of step 803 in 
the flowchart of Fig. 32. First, step 821 judges whether 5 
the present crank angle ccrnk is a reference crank angle 
or an integer multiple of 180° CA for the four-cylinder 
engine, or an integer multiple of 120° CA for the six-cyl- 
inder engine, that is to say whether ccrnk = N*180°CA 
(N = 0, 1, 2, and so on). If the judgement is YES, the 10 
process proceeds to step 822 for setting ctcrnk to 
ctrnaka, while if the judgement is NO, step 823 clears 
the ctcrinka to zero. This ctcrnka is incremented for 
each 1 ms in response to a timer interruption, and after 
updating ctcrnk in step 822 for each 180° CA, cleared in 15 
step 823. 

Fig. 34 is a diagram for explaining the tenth embod- 
iment as a complement. In Fig. 34, the abscissa repre- 
sents the time, and the ordinate represents the crank 
angle (°CA) and the on-off state of the D-VSV. As shown 20 
in Fig. 34, the valve begins to open at the start of the 
first and third duty cycle (zero point in period). During 
the second duty cycle, on the other hand, the valve 
begins to be opened after the lapse of the delay time 
dpgly from the start of the second duty cycle, or prefer- 25 
ably at the crank angle of ccrnkbst. 

Fig. 35 is a flowchart showing the delay time setting 
routine 2 for the process of the driving conditions detec- 
tion according to an 1 1th embodiment of the invention. 
Comparison between Figs. 32 and 35 shows that the 30 
delay time setting routine shown in Fig. 35 is different 
only in that the crank angle crnk for the delay time set- 
ting routine is replaced by the valve timing angle vvt for 
detecting the valve opening time of the intake valve. 
This difference is realized by detecting the rotational 35 
position of the engine, i.e., the valve timing angle vtt by 
the cam sensor mounted on the cam shaft of the intake 
valve instead of detecting the crank angle from the 
crank angle sensor. As a result, the opening time of the 
intake valve can be detected more accurately than 40 
using the crank angle sensor. In other words, the crank- 
shaft and the cam shaft are operatively interlocked with 
each other through a timing chain or the like, and the 
chain can lengthen. The rotational position of the engine 
(valve timing angle vvt) can thus be detected more 45 
accurately based on the valve opening start time of the 
intake valve by the cam sensor than by the crank angle 
sensor. 

Fig. 36 is a diagram showing the process cf step 
903 in the flowchart of Fig. 35. First, step 921 judges so 
whether the present valve timing angle cwt is a refer- 
ence angle or an integer multiple of 180° wt for the four- 
cylinder engine and 120° wt for the six-cylinder engine 
with respect to the reference angle, that is, whether 
cwt = N*180°wt (N = 0, 1,2 and so on). In the case ss 
where the judgement is YES, the process proceeds to 
step 922 for setting ctwt to (ctwt + ctwta)/2, while if the 
judgement is NO, step 923 clears ctwta to zero. This 



ctwta is incremented for each one ms by a timer inter- 
ruption, so that step 922 updates ctwt for each 1 80° wt, 
after which it is cleared in step 923. 

Fig. 37 is a flowchart showing a delay time setting 
routine 3 for the driving condition detection process 
according to a 12th embodiment of the invention. In the 
12th embodiment, the fuel injection interval time is used 
in place of the engine speed in the first embodiment, the 
crank angle in the tenth embodiment or the intake valve 
timing in the 1 1th embodiment as the driving condition 
detection means for calculating the delay time. Specifi- 
cally, the best number of intake operations, i.e., the opti- 
mum number of fuel, injections to each cylinder within 
the duty cycle, is determined, and the delay time dpgdly 
is calculated on the basis of the difference between the 
best number of intake operations and the present 
number of intake strokes at the duty cycle starting time 
and the time intervals of fuel injection. 

The best number of intake operations is the number 
of intake operations at which the purge gas purged by 
the valve opening during the next driving period to the 
next intake cylinder in opposite phase to the present 
intake cylinder (a phase 360° CA shifted in terms of 
crank angle) absorbing the purge gas purged by the 
valve opening in the present drive period. This best 
number of intake operations can be determined by add- 
ing 0.5 (360° CA in terms of crank angle) to the number 
of intake operations during the present drive period as 
described later. The delay time setting routine based on 
this fuel injection time interval will be described below 
with reference to the flowchart of Fig. 37. This routine is 
executed for each drive period of the D-VSV. Also, the 
above-mentioned opposite phase is not limited to the 
crank angle 360° CA shifted from the crank angle at the 
valve opening start time during the previous duty cycle 
of the D-VSV, but can be appropriately selected as 120° 
CA, 180° CA or the like. 

First, step 1001 judges whether the duty factor 
DPG is not more than kdpg80 (duty factor of 80%). In 
the case where the judgement is YES, a large intermit- 
tent purge flow is decided and the process proceeds to 
step 1002. If the judgement is NO, on the other hand, a 
small intermittent purge flow is decided, so that the 
process proceeds to steps 1011, 1012 for interrupting 
the delay control. Step 1002 judges whether the delay 
time (on-delay time) dpgdly is zero or not. If dpgdly is 
not zero, the process proceeds to step 1003, while if 
dpgdly is zero, the process proceeds to step 1011. Step 
1003 calculates the number of intake operations cn, i.e., 
the number of fuel injections into a single cylinder during 
the duty cycle, from the following equation. 

cn = duty cycle/ctinj/4 

where ctinj is a fuel injection interval time equivalent to 
the crank angle of 180° CA for the four-cylinder engine. 

Step 1004 judges from the following equation 
whether the number cn of intake operations is proximate 
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to the best number cnbst of the intake operations (opti- 
mum injections) for turning on the D-VSV. 

cnbst + 0.25 § cn ^ cnbst - 0.1 

where the one-fourth intake number 0.25 is a reference 
value for judging whether there is a shift by a amount 
equivalent to one cylinder when cn < cnbst, and the 
one-tenth intake number 0.1 is a reference value 
smaller than 0.25 as the delay time can be set without 
any one-cylinder shift when cn < cnbst. 

Step 1004 judges whether the number of intake 
operations cn is near to cnbst, and rf the judgement is 
YES, the process proceeds to step 1011. If the judge- 
ment is NO, on the other hand, the process proceeds to 
step 1005. Step 1005 compares the number of intake 
operations cn and the best number of intake operations 
cnbst. When cnbst £ cn, the process proceeds to step 
1007, while if cnbst < cn, the process proceeds to step 
1006. Step 1006 calculates the following equation. 

cnbst = cnbst + 1 

Then, step 1007 calculates the delay time dpgdly 
on the basis of the following equation. 

dpgdly = (cnbst - cn)*ctinj*4 

where ctinj*4 is equivalent to the time required for the 
engine to rotate by 720° CA in terms of the crank angle. 

Step 1008 judges whether the delay time dpgdly 
calculated in step 1007 is included in the delay time 
guard value. If the judgement is YES, the process pro- 
ceeds to step 1010, while if the judgement is NO, the 
process proceeds to step 1009. This delay time guard 
value is calculated from T - (t__dpg) - kdpgv, where T is 
the duty cycle, t_dpg is the valve opening time for the 
present processing period, and kdpgv is a predeter- 
mined valve opening time required for positively com- 
pleting the valve opening of the D-VSV. Step 1009 
updates the delay time dpgdly to the guard value and 
the process proceeds to step 1010. Step 1010 judges 
whether the delay time dpgdly is zero or not. If the 
judgement is YES, the process proceeds to step 1011, 
while if the judgement is NO, this routine is terminated. 
Step 1011 calculates the best number of intake opera- 
tions chbst from the equation below for interrupting the 
delay control, followed by step 1012 for clearing the 
delay time dpgoly to zero. 

cnbst = (duty cycle/ctinj/4) + 0.5 

where 0.5 is equivalent to 360°CA in terms of the 
engine crank angle. 

Fig. 38 is a flowchart showing the calculation proc- 
ess of the fuel injection time intervals in the flowchart of 
Fig. 37. First, step 1021 judges whether the present fuel 
injection time interval ctinj is the injection time of a par- 



ticular cylinder. If the judgement is YES, the process 
proceeds to step 1022 where ctinj is subjected to calcu- 
lation (ctinj + ctinja)/2, while if the judgement is NO, 
ctinja is cleared to zero in step 923. In this case, ctinja is 
5 incremented for each 1 ms by a timer interruption, and 
cleared to zero in step 1 023 after ctinj is updated in step 
1022 for each injection time. 

Fig. 39 is a diagram for explaining the relation 
between the fuel injection timing and the on-delay time. 

10 In Fig. 39, the abscissa represents the time, and the 
ordinate represents the injection timing and the D-VSV 
on-off state. As shown in Fig. 39, the valve begins to 
open at the start (the point where the period is zero) of 
a first duty cycle of the D-VSV, whereas it begins to 

15 open after the lapse of the delay time dpgdly from the 
start of a second duty cycle. 

Fig. 40 is a flowchart of the delay time setting rou- 
tine 4 based on the driving condition detection process 
according to a 13th embodiment of the invention. Fig. 

20 41 is a diagram showing an example of a measurement 
of the ignition timing intervals. The routine shown in Fig. 
40 is executed for each drive period of the D-VSV. Com- 
parison of Fig. 40 with Fig. 37 and comparison of Fig. 41 
with Fig. 38 shows that the delay time setting routines 

25 shown in Rgs. 40 and 41 perform similar control opera- 
tions except that the fuel injection time interval ctinj is 
replaced by the ignition timing interval ctspk. Specifi- 
cally, the best number of intake operations, i.e., the opti- 
mum number of ignitions for each cylinder in the duty 

30 cycle is determined from the number of ignitions, and 
the delay time dpgdly is calculated on the basis of the 
displacement between the best number of intake opera- 
tions and the present number of intake operations at the 
starting time of the duty cycle of the D-VSV and the igni- 

35 tion timing intervals. This control operation can set a 
short delay time when the ignition timing is advanced as 
a result of ignition timing detection. Specifically, when 
the engine load condition changes from high to low, the 
negative pressure in the intake pipe increases, the throt- 

40 tie valve closes, and the air intake rate and the purge 
gas flow rate are reduced, so that a longer time is 
required for the purge gas to reach the cylinder. A short 
delay time is set taking this fact into consideration. The 
other parts of the control operation are similar to the 

45 corresponding parts of the 12th embodiment, and will 
not be described any further. 

Fig. 42 is a diagram showing a 14th embodiment in 
which the pressure in the intake pipe is detected as a 
means of detecting the driving conditions according to 

so this invention. According to the 14th embodiment, the 
engine speed as in the first embodiment, the crank 
angle as in the tenth embodiment, the intake valve tim- 
ing as in the 11th embodiment, the fuel injection time 
interval as in the 12th embodiment, or the ignition timing 

55 interval as in the 13th embodiment, is not used as a 
means of detecting the operating conditions to calculate 
the delay time. Instead, according to the 14th embodi- 
ment, the time required for one amplitude, i.e., the 
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amplitude time ctpm is measured from the pulsation of 
the pressure in the intake pipe, or otherwise the 
open/close period of the intake valve is detected from 
the pressure of the intake valve. Thus the fuel injection 
timing interval according to the 12th embodiment or the 5 
ignition timing interval according to the 13th embodi- 
ment is replaced by the amplitude time ctpm. 

In the process (delay control interrupt means) of 
step 801 in the flowchart of Fig. 32, step 901 in the flow- 
chart of Fig. 35, step 1001 in the flowchart of Fig. 37 10 
and step 1101 in the flowchart of Fig. 40 described 
above, the delay time is not provided in the case where 
the purge gas has a duty factor of at least 80% and is 
substantially considered a continuous flow having a 
very small proportion of intermittent flows. As a result, 15 
the burden of the processing in the CPU is reduced. 

In the case where the amount of adsorption of the 
evaporated fuel by the activated carbon in the canister is 
small (when the purge execution time has passed a pre- 
determined time, for example), or in the case where the 20 
internal condition of the fuel tank is such that vapor is 
hardly generated (at a low temperature, for example), 
the ratio of the purge gas amount to the fuel injection 
amount is so small that the fluctuation of the air-fuel 
ratio of the internal combustion engine is not caused 25 
even when the purge gas distribution among the cylin- 
ders is not uniform, and therefore no delay time is pro- 
vided. As a result, the burden of the processing by the 
CPU is reduced. 

Now, an explanation will be given of delay time cor- 30 
rection means D according to a 15th embodiment of the 
invention. The 15th embodiment is intended to correct 
the delay time dpgdly taking the purge gas transfer rate 
in the intake pipe into consideration. For example, the 
change in the engine load is detected from the change 35 
in the internal pressure of the intake pipe. The negative 
pressure in the intake pipe is increased at the time of 
deceleration resulting in an increased negative pres- 
sure in the intake pipe. In accordance with this pressure 
change, the delay time dpgdly is corrected downward. 40 

Fig. 43 is a flowchart showing the delay time correc- 
tion process according to the 15th embodiment of the 
invention. First, step 1201 calculates a delay time cor- 
rection coefficient tkpm against a change Apm in the 
internal pressure of the intake pipe from the map stored 45 
in a ROM 62. This delay time correction coefficient, 
which is determined experimentally, is set smaller than 
unity for higher deceleration rate and set larger than 
unity for a higher acceleration rate. The delay time is 
therefore set shorter, the higher the deceleration rate, so 
Step 1202 updates the delay time dpgdly by multiplying 
the delay time dpgdly by the delay time correction coef- 
ficient tkpm. 

Fig. 44 is a diagram showing an example measure- 
ment of the change Apm of the internal pressure of the ss 
intake pipe. First, step 1211 judges whether the timing 
has come to judge the change Apm of the internal pres- 
sure of the intake pipe. In the case where the judgement 



is YES, the process proceeds to step 1212, while if the 
judgement is NO, this routine is terminated. Step 1212 
subtracts the average value (general value) pmsm of 
the internal pressure of the intake pipe from the internal 
pressure pm of the intake pipe for the present process- 
ing period (pm - pmsm), and the difference is assumed 
to be Apm. Step 1213 calculates the average value 
pmsm of the pressure in the intake pipe from the follow- 
ing equation. 

pmsm = (Apm/4) + pmsm 

The change Apm of the internal pressure of the 
intake pipe calculated in step 1212 indicates the degree 
to which the internal pressure pm of the intake pipe for 
the present processing period deviates from the aver- 
age value pmsm of the internal pressure of the intake 
pressure. 

Instead of correcting the delay time dpgdly by the 
load change (pressure change) described above, the 
delay time dpgdly can be corrected based on the 
parameters affecting the transfer rate of the purge gas 
in the intake pipe such as the change in throttle valve 
opening degree, the change in the flow rate in the intake 
pipe or the intake air amount per rotation. 

As described above, according to the present 
invention, there is provided an evaporative fuel control 
system for a multicylinder internal combustion engine, 
wherein the valve opening timing of the purge control 
valve is delayed in accordance with the delay time set 
by the delay time setting means in such a manner that 
the purge gas may not flow continuously into a specific 
cylinder for each drive period under the engine driving 
conditions detected by the driving condition detection 
means such as in an engine speed region where the 
engine speed is substantially synchronized with the 
purge control valve drive period. Thus an abrupt change 
in the amount of the purge gas generated can be sup- 
pressed for an improved purity of the exhaust gas. 

Also, according to the present invention, there is 
provided an evaporative fuel control system for a multi- 
cylinder internal combustion engine, in which the delay 
time is set properly in accordance with the duty factor, 
and therefore when the duty factor is small (i.e., when 
the amount of the purged vapor is small), the delay time 
is not necessarily set, while when the duty factor is large 
(i.e., when there is less intermittent flow), the purge con- 
trol valve can be opened positively during the drive 
period. 

Further, according to the present invention, there is 
provided an evaporative fuel control system for a multi- 
cylinder internal combustion engine, in which the delay 
time is set in accordance with the end of the valve open- 
ing time during the drive period of the purge control 
valve 41, and therefore the purge control valve can be 
positively opened or closed within the drive period, 
while at the same time supplying a proper amount of the 
purge gas into the intake air passage. 
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Furthermore, according to the present invention, 
there is provided an evaporative fuel control system for 
a multicylinder internal combustion engine, in which the 
change in the internal pressure of the intake pipe is 
detected, for example, by the traveling speed detection 5 
means for detecting the purge gas and the transient 
state of the engine is detected from the detected pres- 
sure change, so that the delay time is set longer at the 
time of acceleration when the purge gas flow rate in the 
intake pipe is high, and the delay time is set shorter at 10 
the time of deceleration when the purge gas flow rate is 
low. The traveling time of the purge gas in the intake 
pipe thus can be optimally controlled during the tran- 
sient period of the engine, thereby assuring a uniform 
distribution of the purge gas distribution among the cyl- 15 
inders. 

In addition, according to the present invention, 
there is provided an evaporative fuel control system for 
a multicylinder internal combustion engine, in which a 
plurality of drive periods for driving the purge control 20 
valve are switched in a predetermined order by the 
period changing means to set the delay time in accord- 
ance with each drive period, and therefore the purge 
gas distribution among the cylinders is equalized and 
the fluctuations in the air-fuel ratio of the engine is sup- 25 
pressed, thereby improving the purity of the exhaust 
gas. 

What is more, according to the present invention, 
there is provided an evaporative fuel control system for 
a multicylinder internal combustion engine, in which the 30 
delay time is set on the basis of the middle point 
between the start and end of the valve opening period of 
the purge control valve, and therefore the distribution of 
the purge gas among the cylinders during the transient 
period is promoted, with the result that the fluctuations 35 
in the air-fuel ratio of the engine is suppressed for an 
improved purity of the exhaust gas. 

Further, according to the present invention, there is 
provided an evaporative fuel control system for a multi- 
cylinder internal combustion engine, in which a cylinder 40 
in an intake stroke during the valve opening time for the 
present drive period of the purge control valve is 
detected by the cylinder detection means, and the delay 
time is set in such a manner that the detected cylinder is 
not in an intake stroke for the next drive period, so that 45 
the purge gas distribution among the cylinders is equal- 
ized and the fluctuations of the air-fuel ratio of the 
engine are suppressed, thereby improving the purity of 
the exhaust gas. 

Also, according to the present invention, there is so 
provided an evaporative fuel control system for a multi- 
cylinder internal combustion engine, in which the engine 
load for the next drive period is estimated from the 
change in engine load during the present drive period 
by the load estimating means, and the delay time is set 55 
on the basis of the estimated load, so that the purge gas 
distribution among the cylinders at the time of acceleia- 
tion and deceleration is equalized and the fluctuations 
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of the engine air-fuel ratio are suppressed for an 
improved purity of the exhaust gas. 

Furthermore, according to the present invention, 
there is provided an evaporative fuel control system for 
a multicylinder internal combustion engine, in which the 
engine speed for the next drive period is estimated from 
the change in engine speed for the present drive period, 
and the delay time is set based on the estimated engine 
speed, so that the purge gas distribution among the cyl- 
inders especially at the time of acceleration and decel- 
eration is equalized and the fluctuation of the engine air- 
fuel ratio is suppressed for an improved purity of the 
exhaust gas. 

Further, according to the present invention, there is 
provided an evaporative fuel control system for a multi- 
cylinder internal combustion engine, in which under the 
conditions where the engine air-fuel ratio undergoes no 
change due to the purge gas supplied to the internal 
combustion engine, such as when there is only a small 
amount of intermittent purge gas which substantially 
constitutes a continuous flow with a duty factor of 80% 
or more, the purge gas distribution among the cylinders 
is satisfactory and therefore the CPU load can be 
reduced by interrupting the setting of the delay time by 
the delay control interruption means. 

Claims 

1. An evaporative control system for a multicylinder 
internal combustion engine comprising a canister 
for storing evaporated fuel from a fuel tank, a purge 
passage for connecting the canister to an intake 
passage of the engine, and a purge control valve 
disposed in the purge passage, to control the quan- 
tity of gas to be purged from the canister into the 
intake passage by opening and closing the valve at 
a given frequency, characterized in that it com- 
prises: 

a drive condition detecting means for detecting 
driving conditions of the engine; 
a delay time setting means for setting a delay 
time to delay the valve opening start timing in 
the driving period from the start of the driving 
period in response to the engine driving condi- 
tions detected by the drive condition detecting 
means; and 

a purge control valve driving means for driving 
the purge control valve with the delay time set 
by the delay time setting means. 

2. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein 

said drive condition detecting means com- 
prises an equal distribution judging means that 
detects on-off periods of the intake valve of the 
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engine and judges whether or not the purged 
gas is equally distributed into cylinders of the 
engine on the basis of the detected on-off 
period of the intake valve and the driving period 
of the purge control valve, and 

said delay time setting means sets a delay time 
so as to equally distribute the purged gas into 
cylinders when the equal distribution judging 
means judged that the purged gas is unequally 
distributed into cylinders. 

3. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein 

said drive condition detecting means com- 
prises a revolution speed detecting means for 
detecting the revolution speed of the engine, 
and 

said delay time setting means sets a delay time 
in response to the revolution speed detected by 
the revolution speed detecting means. 

4. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein said system further comprises a delay time 
correcting means for correcting a delay time set by 
the delay time setting means, and 

said delay time correcting means corrects the 
delay time in response to a duty factor that 
determines a valve opening interval in the driv- 
ing period of the purge control valve. 

5. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein said system further comprises a delay time 
correcting means for correcting a delay time set by 
the delay time setting means, and 

said delay time correcting means corrects the 
delay time in response to a valve opening end 
timing in the driving period of the purge control 
valve. 

6. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein 

said delay time setting means comprises a 
traveling speed detecting means for detecting a 
traveling speed of the purged gas in the intake 
passage of the engine, and sets the delay time 
in response to the detected traveling speed. 

7. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein said system further comprises a delay time 



correcting means for correcting a delay time set by 
the delay time setting means, and 

said delay time correcting means comprises a 
5 period changing means being provided with a 

plurality of driving periods of the purge control 
valve and changes driving periods in a given 
order by sequentially selecting from the plural- 
ity of driving periods, and corrects the delay 
10 time in response to the driving period changed 

by the period changing means. 

8. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1 , 
75 wherein said system further comprises a delay time 
correcting means for correcting a delay time set by 
the delay time setting means, and 

said delay time correcting means corrects the 
20 delay time on the basis of the central timing 

between the start and the end timings of the 
valve opening interval in the driving period of 
the purge control valve. 
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9. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein 



said drive condition detecting means com- 
30 prises a cylinder detecting means for detecting 

a cylinder under the intake stroke when the 
purge control valve is opened in the current 
driving period, and 

said delay time setting means sets the delay 
35 time in such a way that a cylinder to be under 

the intake stroke when the purge control valve 
is opened in the next driving period will be dif- 
ferent from the cylinder detected by the cylinder 
detecting means. 

40 

10. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein said system further comprises a delay time 
correcting means for correcting a delay time set by 
45 the delay time setting means, and 

said delay time correcting means comprises a 
load estimating means for estimating a load of 
the engine in the next driving period during the 
so current driving period of the purge control 

valve, and corrects the delay time on the basis 
of the load in the next driving period estimated 
by the load estimating means. 

55 11. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein said system further comprises a delay time 
correcting means for correcting a delay time set by 
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41 

the delay time setting means, and 

said delay time correcting means comprises an 
engine revolution speed estimating means for 
estimating a revolution speed of the engine in s 
the next driving period during the current driv- 
ing period of the purge control valve, and cor- 
rects the delay time on the basis of the 
revolution speed in the next driving period esti- 
mated by the engine revolution speed estimat- 10 
ing means. 

12. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1 , 
wherein 15 

said drive condition detecting means com- 
prises a crank angle detecting means for 
detecting a crank angle at each valve opening 
start timing in each driving period of the purge 20 
control valve, and 

said delay time setting means sets the delay 
time in such a way that a valve opening start 
timing in the next driving period will be at a sec- 
ond crank angle which is different from a first 25 
crank angle in the current driving period 
detected by the crank angle detecting means. 

13. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1 , 30 
wherein 

said drive condition detecting means com- 
prises a valve timing angle detecting means for 
detecting a valve timing angle of the intake 35 
valve at each valve opening start timing in each 
driving period of the purge control valve, and 
said delay time setting means sets the delay 
time in such a way that a valve opening start 
timing in the next driving period will be at a sec- 40 
ond valve timing angle which is different from a 
first valve timing angle detected by the valve 
timing angle detecting means. 

14. An evaporative control system for a multicylinder 45 
internal combustion engine as recited in claim 1 , 
wherein 

said drive condition detecting means com- 
prises an intake air frequency calculation 50 
means for calculating an intake air frequency of 
the engine in the current driving period from the 
fuel injection frequency in the current driving 
period of the purge control valve, and for calcu- 
lating the difference between the calculated 55 
intake air frequency and a best intake air fre- 
quency, and 

said delay time setting means sets the delay 
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time in such a way that the next cylinder in an 
intake stroke, that is to draw gas to be purged 
at the valve opening start timing in the next 
driving period will be different from a cylinder 
currently in an intake stroke, that has drawn the 
gas purged at the valve opening start timing in 
the current driving period on the basis of the 
calculated intake air frequency calculated by 
the intake air frequency calculation means and 
the best intake air frequency. 

15. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1, 
wherein 

said drive condition detecting means com- 
prises an intake air frequency calculation 
means for calculating an intake air frequency of 
the engine in the current driving period from the 
ignition frequency in the current driving period 
of the purge control valve, and for calculating 
the difference between the calculated intake air 
frequency and a best intake air frequency, and 
said delay time setting means sets the delay 
time in such a way that the next cylinder in an 
intake stroke, that is to draw gas to be purged 
at the valve opening start timing in the next 
driving period will be different from a cylinder 
currently in an intake stroke, that has drawn the 
gas purged at the valve opening start timing in 
the current driving period on the basis of the 
calculated intake air frequency calculated by 
the intake air frequency calculation means and 
the best intake air frequency. 

16. An evaporative control system for a multicylinder 
internal combustion engine as recited in claim 1 , 
wherein 

said drive condition detecting means com- 
prises an intake air frequency calculation 
means for calculating an intake air frequency of 
the engine in the current driving period from an 
air pressure pulse signal in the intake passage 
of the engine, and for calculating the difference 
between the calculated intake air frequency 
and a best intake air frequency, and 
said delay time setting means sets the delay 
time in such a way that the next cylinder in an 
intake stroke, that is to draw gas to be purged 
at the valve opening start timing in the next 
driving period will be different from a cylinder 
currently in an intake stroke, that has drawn the 
gas purged at the valve opening start timing in 
the current driving period on the basis of the 
calculated intake air frequency calculated by 
the intake air frequency calculation means and 
the best intake air frequency. 



EP 0 818 621 A1 



22 



43 



EP 0 818 621 A1 



17. An evaporative control system for a multicylinder 
internal combustion engine as recited in any one of 
claims 1 to 16, wherein said system further com- 
prises a delay control interruption means for inter- 
rupting the delay time setting to be performed by 
the delay time setting means under the conditions 
that a fluctuation in an air-fuel ratio in the engine 
does not occur even though the purged gas is sup- 
plied into the engine. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



23 



EP 0 818 621 A1 



Fig.1 




DRIVING 
CONDITION 
DETECTING 
MEANS 



B 

A. 



DELAY TIME 

SETTING 

MEANS 



C 



PURGE CONTROL 
VALVE 

DRIVING MEANS 



D 



DELAY TIME 
CORRECTING 
MEANS 



E 

A 



DELAY CONTROL 

INTERRUPTION 

MEANS 



24 



EP 0 818 621 A1 




25 



EP 0 818 621 A1 



o 



< u 
2 h 

CO to 

< - 

(X 

> o 

U3 CO 
2 



2 

C 

M 



co 



U CO 

Q X, 

CC < n 

w s 
^ o 

2 ex x 

w Cn £-» 




a: 

Eh 
W 



CO 
LL 



o 



cu 

2 

o 

ex 
w 

CO 

< 

CD 

o 

CX 



o 

U 
CO 



o 

2 

cu 




26 



EP 0 818 621 A1 




27 



EP 0 818 621 A1 



Fi g. 5 



A/F LEARNING 
CONTROL 




CALCULATE 

A/F LEARNING AREA (tj) 



302 



i 



U 




CLEAR 
CSKIP 



XSKIP^-O 



31A 



1 



INCREMENT CSKIP 



316 




KGj^KGj -x 





324 


KG j KG j + x 



I •-: i 



© 



28 



EP 0 818 621 A1 



Ol 



W O 
U CJ 



LL 


ES 


< 




Ll 


V 


A 








■ 

o 


CD - 


















o: 




o 




Q. 
















< 




Ll 




< 


o 


LL 


Ll 


1 











CO 





m 




o 


O 


• 






O 




0. 


a 


CD 


o 


Ll 


Ll 







L. 



29 



EP 0 818 621 A1 



Fig. 7 
© 



TAU CALCULATION 
CONTROL 



CALCULATE TP AND FW 



K452 



t 



-454 



CALCULATE A/F LEARNING 
CORRECTION QUANTITY KGX 

i 

CALCULATE A/F CORRECTION QUANTITY BY 
FPG-(FGPG-1)*PGR 





TAU -<-TP* FW* (FAF + KGX + FPG) 



L 




30 



EP 0 818 621 A1 



r 



-i 



s 



CO 

o 

LO 



< 
00 

cn 
Ll 



o 



2 




O 




>— i 








< 








M 




•J 




< 


to 


M 


w i 


E-« 


u : 




o 


2 


as 




a. 



o 




CO 

8- 

2 



CO 



CO 

2 

n 

r> 
O 

O 

e: 

2 
o 
u 

CO 

o 
vc 
r> 
a, 




z 




o 








E-i 








u 




CO 




X 




CO 




CO 




a 




a: 














c* 


E-< 






a. 


CO 


a 






CO 


DC 


c* 


CO 


u 


2 


2 


M 







CL o u 



-0 



31 



EP 0 818 621 A1 



o 

LO 



CO 

00 

Ll 



LO 



o 



0> 












ai 


CO 




o 




W 




All 


a 




a 


os 




a: 


< 






H 


O 






M 




CO 


EH 




Eh 




OS 


< 






►0 




a. 


D 


to 




U 




a: 




a; 


e> 


3 


D 




a 


a. 









CAP 




a: 




Eh 






CO 


a. 


VII 


u 




3 


a: 






< 








O 


KP 


CO 


Eh 


+ 


Eh 


< 


OS 


< 


OS 


a 










CO 


j 


a 


O 


OS 




a: 


o 


< 




a, 


a 


a, 





LO 



1 



CD 

CSI 
LO 

L 



o 








o 




o 


o 








o 


VII 






rH 


O o 






o 


l-H O 






Eh r H 








< * 




to 


Q 


OS — 




o 




o 




DS 




>< o 




D 








a. 


o 


D U 






o 


q a, 




CO 










O 


CO OS 




< 


Or 


Eh O 






1 


< a< 






h0 4J 




U 




3 — - 






OS 


U J 






o 






u 


a. 










u a 









CD 
CN 
LO 

I 



CD 


a: 


Ql 


O 




CL 




1 


O 


o 


o 


or 1 




o 


o 


Q. 



J 



32 



EP 0 818 621 A1 




33 



EP 0 818 621 A1 



Fig.10 



750 



(D 



r 



L 




YES 



FROM 740 



YES 



D-VSV OFF 




D-VSV ON 



753 



TDPG — 
DPG +TIMER 



J 



TO 760 



34 



EP 0 818 621 A1 



Fig.11 



FULL-OPEN PURGE 
GAS QUANTITY (PGQ) 




PRESSURE IN INTAKE DUCT 
/NEGATIVE PRESSURE IN) 
\INTAKE MANIFOLD / 



Fig.12 



MAXIMUM TARGET 
PURGE RATIO (P) 



PURGE EXECUTION TIME (CPGR) 



35 



EP 0 818 621 A1 



Fig.13 



dpgdfy 



dpgdiy 



dpgdiy 



(a) 

(b) 
(O 



D - VSV 



DRIVING PERIOD 

SUCTION 
CYLINDER 1 



D-VSV 





✓ on 












r 


a 

L 







U 


Mm 












1 3 


4 2 


1 3 A 2 


1 3 


A 2 


1 3 U 2 


1 3^ 


i 2 


on 










4< *4-e d 


SB 



DUTY PERIOD 



TIME 



Fig.U 




SUCTION CYLINDER 1 3 U 2 1-4 

NORMALLY] (ON DELAY TIME) 
CONSTANT/ 



36 



EP 0 818 621 A1 



Fi g . 1 5 



" FROM 620 



630-1 




633 



(PERIOD) . 



1 



DELAY TIME 
dpgdfy 



0 



N 1 N2 



NE 



639 
_L_ 



dpgd£y =0 




YES 



dpgdC y-( DELAY TIME-t_dpg-Kpgv ) 



I 



V 

TO 740 



37 



EP 0 818 621 A1 



Fi g.16 



FROM 6 20 




REVOLUTION 
AREA 



o_JI 



3 



N 1 N 2 NE 



(PERIOD) 



DELAY TIME 
dpgdfy 

OTHERS 
(2.4) 0 



REVOLUTION AREA 1 




0 



Duiy 

(%) 



100 



630-2 



642 



645 



647 
_i_ 



dpgd2 y =0 



TO 740 



38 



EP 0 818 621 A1 



Fig.17 



620-1 



r 




DRIVING 
PERIOD 
CHANGING 
CONTROL 



) 



DUTY PERIOD SETTING 



660 



I 



DUTY OUTPUT VALUE 
CALCULATION (t_dpg) 



ON DELAY 
SETTING FOR 
DUTY PERIOD 




ON DELAY TIME 

CALCULATION 

(dpgdPy) 



ON DELAY TIME 
CALCULATION 

(dpgdpy) 



780 L 





YE5 



YES 



750 



D-VSV on & off 
RESERVATION PROCESS 



I 



exdpgd S. y = off 



770 

( 



ex d p g d £ y = on 



39 



EP 0 818 621 A1 



Fig.18 



FROM 610 



,651 




DUTY PERIOD 
SETTING 
T-100 msec " 



DUTY PERIOD 

SETTING 
T-6 7 mssc 



TO 780 




eci evp2 ^ T 

9 

YES 



CLEAR ectevp 2 



655a 



L 



TO 656 



Fi g.19 



FROM 6 51 

4 



,656 




NO 





,659 


exe vp 2 =1 







J 



TO 6G0 



40 



EP 0 818 621 A1 




41 



EP 0 818 621 A1 



r 



Fig. 21 



FROM 62 0 




633 



(PERIOD) . 

DELAY TIME 
dpgdP y 



o 



N 1 N 2 



NE 



CALCULATE PREVIOUS CENTER TIMING 
dpgxo= ( t_dpgo/ 2 ) 



CALCULATE CURRENT CENTER TIMING 
dpgdf x=dpgxo+dpgd{ y 



1 



CALCULATE CURRENT ON TIMING 
dpgdP y=dpgx- ( t_dpg/2 ) 



637 



dpgdPy<(DUTY PERIOD-t_dpg-Kpgv ) 



NO 



dpgdPy-(DUTY PERIOD-t_dpg-Kpgv) 



,630-4 



639 



dpgdtfy = 0 



634 



635 



636 



YES 



638 



l 



* I 



TO 74 0 



42 



EP 0 818 621 A1 



Fi g.22 



CENTER OF 
D-VSV ON 



(a) 



dpgdiy 



■« — ► 



dpgdiy 
ij(map) 



dpgd4y 





DUTY PERIOD 



TIME 



(b) 



dpgxo(=t 



dpgo\ dpgd4y dpg 



dpgx 





^20% 



DUTY PERIOD 



20% 





TIME 



43 



EP 0 818 621 A1 



Fi g.23 




ecievp 2 INC 



610 




OUTPUT TIMING 

YES 



YES 



630-5 



n 



kectevp- 

( DUTY PERIOD- t_dpg-Kpgv) 




D-VSV on & off 

RESERVATION 

PROCESS 



760 



I 



® 



exdpgdiy = off 



Q END J 



770 



exdpgd£y=on 
I 



44 



EP 0 818 621 A1 



Fig.24 

ec ievp 2 I NC 



610 





YES 



YES 



630-6 



kectevp- 

(DUTY PERIOD- t_dpg-Kpgv) 



710 



I 



CALCULATE CRANK ANGLE X 



X SHIFTED BY 360° CA 



691 



793 





I r^T_YES j 

^-790-2 

YES 



YES 



I 



750 



D-VSV on & off 
RESERVATION PROCESS 



761-1 



760 



3 



770 



exdpgd£y = off 
~ ~ ~ ~ 764 



exdpgdi y = on 



MEMORIZE CRANK ANGLE 



MEMORIZE (t_dpg) 
i 



765 



MEMORIZE NE 



I . 



® 



766 



45 



EP 0 818 621 A1 



n 



LO 



w 

< 



o 




LO 
CN 

Ll 



o 



All 



















t£ D 
Z W 

< £h 


o 






03 
C 


\° 


CJ HH 

X < 






w wu 


VII 


°/~ 


Eh 

< X o 


CO 






2 




CALCU 
ANGLE 
BY 36 



o 



CN 

O 




L 



I 



46 



EP 0 818 621 A1 



Fig. 26 



eci evp 2 INC 



610 



630-7 




D-VSV on & off 
RESERVATION PROCESS 



761-1 



760 



1 



exdpgdi y = of f exdpgd£y= on 



SAME CYLINDER 
IN INTAKE 
STROKE AT 
PREVIOUS 
VALVE OPENING 

TIME 



770 



n j- - - ■ ^ 



MEMORIZE CRANK ANGLE 

■ 



MEMORIZE (t_dpg) 



765 



MEMORIZE NE 



766 



© 



I ' J - - 



^ END ^ 



47 



EP 0 818 621 A1 



Fig.27 

ectevp2 INC p-610 



620 



OUTPUT TIMING 
? 




REVOLUTION 
AREA 




630-8 



CALCULATE ON -TIMING 
ENGINE SPEED. 
=NE-(onNE-NE)/2 



644 

VI 



om 



N1 N2 



zi — *~ t n e 



647 

_L_ 



dpgdCy=0 



I 



645 



(PERIOD) REVOLUTION AREA 



DELAY TIME 
dpgdey 



1 ^ OTHERS 




°0 Duiy 100 



(%) 




[ I 



750 



D-VSV on & off 
RESERVATION PROCESS 



760 



I 



exdpgdiy =off 



770 
_J_ 



ex d pg d £ y = on 
i 



48 



EP 0 818 621 A1 



Fig.28 



FROM 64 4 



(PERIOD) A 



REVOLUTION AREA 



DELAY TIME 
dpgddy 

o 




>THERS 



0 Duiy%l00 



d pg d j?y = 

d pgdiy * on NE/NE 



TO 740 



645 



646 



Fig.29 



(CONSTANT ROTATION) (UPON INCREASE OF POTATION) 



SUCTION 
CYLINDER 



1 



1 



4 



1 



1 



dpgdjpy 



D-VSV ON-OFF 
CONTROL 



on 



Off 



1 



dpgd£y 



ADVANCE 



• • • 



PERIOD 



TIME 



49 



EP 0 818 621 A1 



Fig. 30 



0 




D-VSVon 



LEAN 20 



A/F 



18 



16 



14 



RICH 12 



f— r I 
0 ms DELAY 

D-VSV ON 
1 I ' 



ID-VSVon 





0 8 16 2, 32 A0 

D-VSV ON DELAY TIME (ms) 



DUTY PERIOD 



DUTY PERIOD 



DUTY PERIOD 



ti 6Amsec li 64msec t3 64msec U 



50 



EP 0 818 621 A1 




51 



EP 0 818 621 A1 



Fig. 32 



^DpgdPy SETTING ROUTINE 1^ 
801 




CALCULATE ANGULAR 
DIFFERENCE ccrnka 



-803 



806 



cc rnka 
= ccrnka 




YES 



+ 720 



L 



YES 



dpgdPy CALCULATION 
= (ccrnka*ctcrnk) /180 



807 



YES 




dpgdPy=dpgdPy GUARD VALUE 




YES 



811 



812 



ccrnkbst 
^ccrnk +360°CA 

i 



dpgd£y^-0 



J 



G™3 



52 



EP 0 818 621 A1 



c 



Fig. 33 



ctcrnk SETTING 



821 

CCRNK^N*180°CA 

9 





IYES 


cicrnk^ cicrnka 






cX crn ka 0 " 









822 



Q END ^ 



Fi g.34 



CCRNK 

720'CA- 

360°CA 

0°CA 
D - V S V 



ccrnka ccrnkbsi 




TIME 



DUTY PERIOD 



53 



EP 0 818 621 A1 



Fig. 35 



C 



DpgdPy SETTING ROUTINE 2 




dpgdfiy=0 
7ES 



NO 



CALCULATE ANGULAR 
DIFFERENCE cvvta 



903 



906 



c v v i a 
= cvvi a + 720 




YES 



L 



YES 



dpgddy CALCULATION 
=(cvvta*ctvvt) / 180 



907 



908 



YES 



dpgdP y<dpgdC y 



909 " - 


GUARD VALUE ^ — ■ 




dpgddy = 


dpgdPy GUARD VALUE 








L 910 






YES 



c 



911 



cvvibsi 

cvvi + 360vvi 



912 



I 



dpgdtfy-*- 0 
I 



END 



54 



EP 0 818 621 A1 



Fig. 36 



C 



cvvt SETTING 



) 




ctvv t 

(ct vvi + c t vvi a )/ 2 



c i vv i a 0 



923 



c 



END 



55 



EP 0 818 621 A1 



c 



Dpgdfly SETTING ROUTINE 3 



Fig. 37 



1003 




CALCULATE NUMBER OF INTAKE OPERATIONS 
cn=DUTY PERIOD/ctinj/4 




1006 
1007 



cnbsi -*- cnbsi + 1 



dpgdfy CALCULATION 
=(cnbst-cn) *ctinj*4 



YES 




1009 



dpgdfy=dpgdey GUARD VALUE 




YES 



c 



1011 



CALCULATE BEST NUMBER OF 
INTAKE OPERATIONS cnbst 
=(DUTY PERIOD/ctinj/4)+0.5 



1012 



I 



dpgd£ y 0 



END 



56 



EP 0 81 8 621 A1 



Fi g.38 




Fig. 39 



INJECTION TIMING 



#U #1 #4 #1 

#3 #2 #3 #2_ ciinj 



D- VS V 



* — p- 



* — » 



Y Y Y Y T Y Y 



on ; 



* — »> 



on 



dpgdty 




TIME 



DUTY PERIOD 



57 



EP 0 81 8 621 A1 



^Dpgde 



Fig. 40 

y SETTING ROUTINE 4^ 




CALCULATE NUMBER OF INTAKE OPERATIONS 

cn = DUTY PERIOD/ctspk/4 
I 




1106 
1107 



cnbsi cnbsi 4 1 



dpgdPy CALCULATION 
=(cnbst-cn) *ctspk*4 



YES 




dpgdCy=dpgdPy GUARD VALUE 




YES 



c 



1111 

_L_ 



CALCULATE BEST NUMBER OF 
INTAKE OPERATIONS cnbst 
=(DUTY PERIOD/ctspk/4 ) +0 ■ 5 



1112 



I 



dp g d£ y 0 



END 



58 



EP 0 81 8 621 A1 



Fig. 41 




c i spk 

(ci spk+ c i spka ) / 2 



1122 



cjtspka 0 



1123 



c 



END 



Fig.A2 



pm 



VWWWX; 



ci pm 



TIME 



59 



EP 0 81 8 621 A1 



Fig. 43 

^DpgdPy CORRECTING PROCESS^ 

I _ 



tkpm CALCULATION 



1.0 



ikpm 



i 



0 + 

(ACCELERATION) 
(DECELERATION) Apm 



I 



dpgdCy CORRECTION 
=dpgdP y*tkpm 



C END ^ 



1201 



1202 



Fi g.AA 



apm SETTING 



1211 



JUDGEMENT 
TIMING 





1 YES 


Apm = (pm- pmsm) 






pmsm - (Apm 1 U ) + pmsm 









1212 



1213 



END J 



60 



EP 0 818 621 A1 



INTERNATIONAL SEARCH REPORT 



International applicatioo No. 

PCT/JP97/00150 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. Cl6 F02M25/08 
According to International Patent Clarification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symboU) 

Int. CI 6 F02M25/08, F02D41/02, F02D45/00 



Documentation searched other than minimum documentation to the extent that such documents sre included in the fields searched 

Jitsuyo Shinan Koho 1934 - 1997 

Kokai Jitsuyo Shinan Koho 1971 - 1997 



Electronic data base consulted duriog the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP, 4-252854, A (Toyota Motor Corp.), 
September 8, 1992 (08. 09. 92), 
Particularly claim; Fig. 1 (Family: none) 

JP, 6-346767, A (Toyota Motor Corp.), 
December 20, 1994 (20. 12. 94), 
Particularly claim; Fig. 1 (Family: none) 



Relevant to claim No. 



1-17 



1-17 



1 [^J Further documents are listed in the continuation of Box C. £j Sec pa^nt family annex. 



h 

* Special categories of cited documents: 

"A" document defining the general slate of the art which is not considered 
to he of particular relevance 

"5" earlier document but published oo or after the international filing date 

"IT document which may throw doubts on prioriiy cUim(s) or which b 
cited to establish the publication date of another citation or other 
special reason (as specified) 
"O" document referring to ao oral disclosure, use, exhibition or other 



document published prior to the international filing date but later than 
the priority date claimed 



"T" later document published after the international filing dale or priority 
date and not in conflict with the applicatioo but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance; the claimed Invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

~Y~ document of particular relevance; the claimed Invention cannot be 
considered to involve aa inventive step when the document is 
co m U ned with one or more other such doc um ents, suds combination 
being obvious to a person skilled in the art 

"&~ document member of the same patent family 



Date of the actual completion of the international search 
April 16, 1997 (16. 04. 97) 


Date of mailing of the international search report 

April 30, 1997 (30. 04. 97) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



61 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 



